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NUMBER 2 


Industrial Horizon 


Further analysis of year end reports underscores growing significance 
of competition; supply of steel, copper and aluminum remains tight. 
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Sequenced Contour Controls on a Boring Mill 


W. B. Wigton describes a stepping type relay system providing fully 
automatic machining of complex contours at high production rates. 






Appearance Designing a British Radio Set ................. 
Pictorial story of procedure used abroad and results accomplished. 


Component Varieties Brought Under Control 


L. M. Clement discusses methods used by Crosley’s engineering depart- 
ment to keep nonstandard components to a minimum. 


Design Problems in Developing an Electric Range 100 


T. H. Cline presents a step by step analysis of design problems faced 
and solutions developed in putting a new model into production. 


Bearing Wear Caused by Electric Current .................. 


D. F. Wilcock reports results of laboratory tests showing causes of 
electrical wear and how to prevent it in both sleeve and ball bearings. 
























Plastics Models Aid Product Development 


A. E. Javitz shows how they are used for transparent working models, 
photoelastic stress analysis, and inexpensive pilot runs for test purposes. 
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Color Coding for Molded Tubular Capacitors 


System developed by one maker identifies capacity, tolerance and rating. 


Three Metallizing Techniques 


Advantages and limitations of three methods of metallizing a non- 
conductor for precision, intricate detail or miniaturization. 


Design Trends and Transients 


Eighteen short articles presenting new developments, ideas and infor- 
mation selected and interpreted for designers. 
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Consensus of 1949 forecasts 
is: Business will be generally 
good; but it will be mighty com- 
petitive. Supply position of steel, 
copper and aluminum will re- 
main tight. 


ROGNOSTICATIONS for 1949 

are still piling in. They run a 
wide gamut of opinion. One leading 
economist predicts that gross national 
output in 1949 will top that of 1948 
by a cool $35 billion. Others see a 
steady decline until a sizable recession 
faces us at the end of the year. The 
sober consensus (discounting all state- 
ments made for sales propaganda and 
for political purposes) is that busi- 
ness faces 1949 with conservative con- 
fidence. Buyers’ markets and hard 
competition loom definitely in the pic- 
ture, but they are not necessarily seen 
as danger spots, but rather as a return 
to normal, and perhaps healthier, eco- 
nomic climate. Business this year, as 
a financial writer puts it, “will be 
good if not brilliant.” There is a wel- 
come note of emphasis on industry’s 
responsibility to the public to main- 
tain production. In the words of one 
electrical manufacturer: “Any manu- 
facturer has an obligation to the pub- 
lic to produce and sell as many of his 
products for as many people as pos- 
sible.” Let’s see now what these re- 
ports have to say about end-products, 
components and materials: 


NEMA Sees Normal Adjust- 
ment. Level of production and sales 
in 1949 should be as high as it was in 
1948, barring of course any materials 
stringencies or labor troubles. This is 
what W. J. Donald, NEMA’s manag- 
ing director, says in a year-end state- 
ment. If this forecast is fulfilled, 
the year would be more than satis- 
factory to manufacturers of such pri- 
mary electrical equipment as motors, 
generators, transformers, contro l 
equipment, lighting equipment, etc., 
and to electric household appliance 
manufacturers as well. Total 1948 


Headpiece shows equipment in new 20-in. con- 
tinuous hot strip mill being erected at Superior 
Steel Corporation, Carnegie, Pa. 
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INDUSTRIAL 
HORIZON 


output for these various groups is 
estimated at some $7.5 billion, com- 


pared with $6.75 billion in 1947. The 


1948 total was 65 per cent higher than 
the prewar peak reached in 1941, and 
275 per cent higher than the 1939 
total. Even allowing for the higher 
dollar value of all products, this per- 
centage increase provides potent testi- 
mony to the basic vigor of both indus- 
trial and consumer demands for elec- 
trical products of all types. 

But adjustments will inevitably take 
place this year. Nothing in the high 
level of 1948 performance nor in the 
forecast for 1949 can prevent this 
normal result of normal economic in- 
fluences. This is particularly evident, 
Mr. Donald points out, in the elec- 
trical field where adjustment is nor- 
mal because of the many diversified 
product lines that make up the whole. 
In making any statistical analysis of 
the entire electrical manufacturing 
field it is important to keep these three 
basic principles in view: 

1. The trend in the performance of 


MONTHLY SCOREBOARD 


TREND IN FACTORY SALES OF 
SELECTED ELECTRICALLY OPERATED PRODUCTS 
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one industry, such as the electrical 
manufacturing industry, does not 
measure total business activity. 

2. The performance of the electric. 
al manufacturing industry as a whole 
is not a reliable measure of the per- 
formance of any particular product 
category within the electrical manu. 
facturing industry. 

3. The performance of one electric- 
al manufacturer in any product line 
does not measure reliably the per- 
formance of all manufacturers of the 
same type of products. 


Appliances Output Bulked 
Large. This group of products ae- 
counted for a big chunk of the total 
electrical product output. Sales of all 
typés hit $1.75 billion last year— 
triple that of 1941, and five times the 
sales in 1939. In unit sales, 5,000,000 
refrigerators were sold last year, 1,- 
700,000 ranges, and 4,500,000 wash- 
ing machines. Each group represented 
steep increases over prewar figures. 
A brand-new field was developed in 
farm and home freezers with almost 
750,000 units sold as against almost 
negligible prewar sales. 

Sales of electric water storage heat- 
ers held at an even keel last year. 
Some 1,100,000 units were sold— 
about the same as in 1947. But indi- 
vidual manufacturers in this field see 
the electric water heater market as 
only “scratched.” Spurred by increas- 
ing rural electrification and by the 
general trend to electrically operated 
appliances, the market is seen jump- 
ing to some 6,000,000 electric water 
heaters in use by 1953, as against 
about 2,250,000 in use last year. 

Still largely to be explored, in the 
opinion of some manufacturers, is the 
potentially large market for compact 
“small-apartment size” refrigerators, 
vacuum cleaners and other appliances. 
(See editorial “Compact Appliances 
for the Urban Dweller,” p. 75, Jan- 
uary 1948 ELEcTRICAL MANUFACTUR- 
ING.) Much of the new home con- 
struction is in the direction of small 
homes of less than 5 rooms, and much 
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NEW PROTECTIVE COATING 


Pele wires. 


MARVINOL VR-10, the versatile vinyl resin, 
offers superior stability in protective coatings from 
raincoats to jackets and coatings for wire. Here are 


some of the advantages it offers you... 


MORE STABILITY .. . In processing and in end prod- % 
ucts, Marvinol offers you greater stability . . . superior ] 
resistance to heat, light, oils, acids, aging, wear and 

other normally destructive forces . . . better low tem- 


perature characteristics. High molecular weight gives 
Marvinol coats and jackets extra toughness and “dryness.” Ny 
MORE PROCESSING ADVANTAGES ... 
Production runs prove that Marvinol gives shorter 
premix and Banbury cycles plus faster extrusion rates. 
These are important savings whether you are calendering, 


extruding or molding. Wire coatings made from Marvinol 
may be brilliantly or delicately colored ... are easily cleaned. 


MORE UNIFORMITY . . . Marvinol resins are a development of 


Martin research and Martin’s quarter-century of plastics experience. Pro- 

duced in the world’s most modern chemical plant, they assure unexcelled uniformity. 

The Glenn L. Martin Company does not compound or fabricate in the plastics field. If you 

make or coat wire, our sales engineers and customer service laboratory offer full technical 
cooperation. If you buy or use finished wire, write to Chemicals Division, Dept. E-2 The Glenn 


L. Martin Company, Baltimore 3, Maryland. 


A cs¥eog we y g 
RESINS, PLASTICIZERS AND STABILIZERS PRODUCED BY THE CHEMICALS DIVISION OF 
THE GLENN L. MARTIN COMPANY «+ AN INTERNATIONAL INSTITUTION 


“BETTER PRODUCTS, GREATER PROGRESS, ARE MADE BY MARTIN.” 
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of the expected purchasing of appli- 
ances will be by young families mov- 
ing into these homes or small 3- to 5- 
room city apartments. There is a nat- 
ural desire for well-made appliances 
that are easily handled and that take 
up the minimum of storage space. A 
trend toward such designs was already 
apparent in 1948. Among other items 
announced were a compact washing 
machine for “the cliff dweller,” an 
apartment-size refrigerator, and a 
really portable vacuum cleaner that 
could be slung over the shoulder. 

Here are latest NEMA figures on 
some appliances (units, sales billed, 
member and reporting companies) : 
Electric ranges, over 24 kw, Novem- 
ber sales 126,174, up slightly, from 
the 124,165 in October; household re- 
frigerators, 388,881 as against 398,- 
249 in October; flat irons, 436,472 as 
against 352,668. From other industry 
sources, vacuum cleaner sales in No- 
vember were given as 255,080 units, 
or down 9.4 per cent from October; 
while household washers dropped to 
319,300, or 16 per cent below 
October. 

Industrial Products Slowed 
Up. Upward movement continued in 
sales of industrial electrical equip- 
ment, such as motors and generators, 
welding equipment, controls, heating 
units and devices. But the momentum 
evident in 1947 was slowing up. 
Total 1948 sales in these categories 
was only slightly up from 1947. How- 
ever, declines in some lines were bal- 
anced by increases in others. 

In the category of electrical end- 
products designed for building instal- 
lations, such as small circuit breakers. 
panelboards, wiring devices and fuses, 
1948 sales soared to new highs, reach- 
ing a level 5 per cent higher than 
1947 and 80 per cent higher than 
1941. Increases were not uniform 
throughout this field; this situation 
reflecting the shifting pattern of con- 
struction with residential construc- 
tion, for example, requiring different 
types of electrical equipment than in- 
dustrial construction. But with an im- 
pressive volume of plant expansion 
still on the books, and the national 
needs for residential construction still 
far from being filled, the future in this 
line of products looks pretty good. 

Electric Energy Sales Higher. 
For the 12 months ending October 31, 
sale of electric energy reached close 
to 237 billion kwh, as against about 
214 billion in the previous 12-month 
period. November and December 
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sales continued the same trend, with 
sales being maintained at about the 
same monthly average. Reflecting 
these record figures is the excellent 
business reported by those manufac- 
turers engaged in the production of 
equipment for power transmission 
and distribution. More than $275 mil- 
lion of power and distribution trans- 
formers were sold last year, a 35-per 
cent increase over the $200 million 
sold in 1947. Sales in the prewar peak 
year 194] wére only somewhat over 
$100 million. 

Machine Tool Upturn Ex- 
pected. Business in machine tools is 
still at a disappointingly low level, ap- 
proximately only about 25 per cent of 
the peak wartime volume. But some 
improvement may be seen as 1949 de- 
velops, according to a year-end state- 
ment by L. D. McDonald, president of 
the National Machine tool Builders’ 
Association. Main cause for a cau- 
tious optimism is the hope that sub- 
stantial orders will result from oper- 
ations of the European Recovery Pro- 
gram. Two other factors buttress this 
feeling of optimism: (1) Actual phy- 
sical need for replacement of much in- 
dustrial equipment owing to obsoles- 
cence. Some estimates place the num- 
ber of machine tools now in operation 
and needing replacement as 50 per 


cent of the total. (2) The need for 
newer, cost-saving, more efficient may 
chines to help manufacturers cut 
down operating costs and maintaig 
profit margins in the face of «i 
ing competition, 

Statistics-wise, the NMTBA inde 
for new orders (total) rose in Novem: 
ber to 73.0 as against 67.4 in October, 
which was the low for the year. Ship. 
ments slipped to an index value of 
75.5 as against 80.4 in October. New 
foreign orders perked up somewhat to 
18.5 as against 14.0, and actually con 
stituted the high for 1948. Backlogs 
remained pretty static—the ratio of 
unfilled orders to shipments was 44 
to 1, as against 4.2:1 in October and 
also September. (Index is based on 
average shipments 1945-46-47= 100.) 

Slightly Better Year for Me. 
chanical Stokers. Last year was 
“moderately successful according to 
the year-end statement of the Stoker 
Manufacturers Association. The year’s 
sales were estimated at between 90,- 
000 and 95,000 units, an improve: 
ment over the 69,000 sold in 1947, but 
‘way down from the 191,000 sold in 
1946. October sales were down to 
11,076 units, a 22-per cent drop from 
14,157 sold in September, but 31 per 
cent higher than sales in October 
1947. 

Expanding Uses Forecast for 
Control Devices. Year - end state- 
ment by Harold W. Sweatt, president 
of Minneapolis-Honeywell Regulator 
Company, reflects an encouraging 
viewpoint among manufacturers of 
electronic and other automatic con- 
trol instruments and devices. Both in 
the home and in industry, an expand- 
ing use for such equipment is seen. 
The air conditioning field, which had 
a record-breaking year in 1948, ae- 
counted for a good deal of electronic 
control purchases. This trend is likely 
to continue. Seen particularly impor- 
tant as expanding outlets are the many 
types of industrial instruments re- 
quired in the production of newer 
metal alloys, plastics formulations, 
chemicals, etc., where rigid process 
supervision is essential. 

Television Moving Fast. There’s 
no mistaking the tremendous potential 
in the television market. Set produc- 
tion in 1949 is estimated to reach 2,- 
000,000 units. By the end of 1953, 
annual output is expected to soar to 
5,000,000 sets. By that time, it is es- 
timated that some 18,000,000 sets will 
be in use and a coast-to-coast televi- 
sion network service will have been 


ELECTRICAL MANUFACTURING 





REG. ¥. S. PAT. OFP. 


q 


BOXES 


HINDE & DAUCH 
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part of the product. This shelf package, several 

n 
Executive Offices: 4901. Dediter: 5). * Senate: 0 of which are packed in a master shipping box, 
, affords adequate protection for a delicate, 
FACTORIES IN: brittle substance. Distinctive one-color printing 
Baltimore 13, Md. * Buffalo 6,N.Y. * Chatham, Ontario ing i ie 
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The Package Prom the Firchade 


Because this H & D box reduces packaging 
costs approximately 50% in addition to pro- 
viding better product protection than the pre- 
vious method of packaging, it is definitely 
part of the product. The 
economies it effects are 
felt by manufacturer, 
dealer and consumer. 
The box, developed in 
the H & D Package Lab- 
oratory, is engineered 
to the product, with no 
excess weight or bulk. 


This corrugated H & D Prepak* is a ol 
factor in the sales success of the product. The 
box is factory-packed to eliminate repacking — is 
and wrapping by the retailer, thereby reduc- | 
ing sales costs. The Prepak* is also a colortul 7 
counter or window display that stops traffic _ 
and increases sales. It is printed in 2 

on lawn-green linen finish corrugated 

If your product can be packed in “units” 
“sets,"" consider H & D Prepak*—the 


economical way to pack and sell rete : 
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achieved by means of radio relays and 
coaxial cables. 

From the design standpoint, the 
field is still wide open to many im- 
provements. Prices are still on the 
high side as a mass consumption item. 
The large-tube sets will have to get 
down to the price level of the average 
household. Elimination for the need 
of outdoor antennas would be a boon 
to city dwellers and induce many to 
purchase sets. The lifting of the FCC 
freeze on ultrahigh frequencies would 
help open up many new TV channels, 
particularly useful for transmission to 
rural areas, and should involve the 
design of receivers capable of han- 
dling uhf signals. 

Television is not the only area in 
which manufacturers of communica- 
tions and other electronic equipment 
will have an opportunity for spread- 
ing out. The use of FM sets is stead- 
ily expanding. The number of FM 
stations has increased from 300 at the 
beginning of last year to almost 700 
as the year closed. Facsimile trans- 
mission is another field still hardly 
scratched. A related field in which 
many new companies are now en- 
gaged is that of magnetic recording 
equipment for broadcast studio use 
and for home recording, with auxil- 
iary fields such as magnetic sound 
movie film cameras and projectors al- 
ready a commercial reality. 

Production-wise, November TV set 
output reached a new high—122,304 
units, as against 95,216 in October 
and only 30,001 in January 1948. The 
total for the first 11 months of the 
year was 105,653. November output 
of FM-AM sets dropped somewhat to 
166,701 from 170,086 sets in October. 
Also somewhat off was the output of 
AM sets, with the totals 827,122 sets 
in November against 869,076 in Oc- 
tober. Output of all types was 1,116,- 
127 in November as against 1,134,378 
in the previous month. For the 11 
months, total output was 12,894,805 
sets. 

In the tube end of the business, No- 
vember sales rose to 21,118,874 tubes, 


Same eeu ean 


almost 11% million more than in Oc- 
tober and topping November, 1947, 
by almost 4 million. Eleven-month 
sales were over 185 million, as against 
183 million for the same period last 
year. Third quarter sales for cathode- 
ray tubes hit 306,502 compared with 
267,763 in the second quarter. For 
the first nine months of 1948 the sales 
totalled 732,971 units as against 255,- 
035 sold for the entire year of 1947— 
reflecting sharply the rapid surge in 
television output. 

Record Steel Output Pre- 
dicted. Steel again became front- 
page news with President Truman’s 
proposal for Government-owned steel 
mills if private producers cannot meet 
the country’s needs. Obviously, a con- 
troversial topic, there is no disposi- 
tion to examine it here. But mean- 
while, the steel industry estimates that 
1948 ingot production will reach 88 
million tons and finished product pro- 
duction, 65 million. For 1949, the in- 
dustry sees a probable ingot produc- 
tion of 92 million tons and of finished 
products, 68 million. Increased out- 
put in 1949 plus improvement in 
European steel production should help 
to provide a better supply position for 
the domestic user. Owing to increased 
supplies, the scrap market has cracked 
by several dollars a ton. Imported 
scrap is entering the market in sub- 
stantial quantities. Price-wise, down- 
ward revisions in some extras on cer- 
tain stainless steel products have been 
announced by one mill. 


Aluminum Remains in Active 
Call. Demand for aluminum is ex- 
pected to continue ahead of supplies 
during early part of 1949—a condi- 
tion that persisted last year. Military 
requirements will increasingly draw 
on supplies, particularly for aircraft. 
New applications for the metal are 
noted not only in architectural fields 
but in many novel uses for machine 
or appliance components. 

Copper Consumption to Re- 
main High. The supply position 
seems somewhat improved, but the 












prospect is for continued high demand 
with the overall supply-demand posi- 
tion tight. Government stockpiling 
and military needs will be permanent 
factors for some time, but it is ex-: 
pected that imported supplies will fill 
a substantial part of such needs, 
Congress will probably pass legisla- 
tion keeping in force the existing 
suspension of the import tax of 4¢ per 
lb. The present law suspending this 
tax expires March 31. 


Strikes reflect the low primary out- 
put in December—54,362 tons, some- 
what up from 51,141 in November 
(corrected) but a sharp drop from 
the approximate monthly average of 
73,000 tons from August through Oc- 
tober. Deliveries to customers were 
up to 102,292 tons from 99,655 (cor- 


rected) in November. 


Phenolic Prices. Down. Featur- 
ing the plastics market is the price cut 
in phenolic molding powders an- 
nounced by the major producers. This 
action is seen as a reflection of the 
lower costs of basic chemicals. An- 
other factor has been the drop in phe- 
nolic sales noted for some months. 
There is no question but that the en- 
tire plastics picture is assuming a 
strongly competitive position. But 
through improved and newer formula- 
tions and lower prices, the plastics in- 
dustry should be able to offer the 
product designer increased stimula- 
tion for the use of their materials. 


Bureau of Census monthly con- 
sumption reports show that polysty- 
renes still maintain their No. 1 posi- 
tion—with 14,398,068 lb shipped in 
November as against 11,459,885 for 
phenolic molding powders and 4,494,- 
773 lb for cellulosic molding and ex- 
trusioh materials. The October fig- 
ures were 16,520,239 lb, 13,679,732 
lb and 4,781,014 lb, respectively, in- 
dicating declines in each. 

Large Motor Prices Hiked. In- 
creasing costs were given as reason 
for upping by about 5 per cent the 
prices of large motors, 50 hp and up, 
by some manufacturers. ooo 





Among the feature articles scheduled 


to appear in coming issues: e Electronic Servo Mechanism for position indication 


e Some recent Foreign Developments in product design e Designing Ball Bear- 


ing Mountings for reduced noise e Molded Coil Form design. 
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RODUCTION has finally caught up 

with demand for many consumer 
products. The bloom is definitely off 
the postwar sellers’ market and the buyer 
is climbing into the driver’s seat. This 
inevitable turning point should not be 
a cause for alarm for the alert design 
and development engineer, nor for the 
components parts supplier who is his 
accessory. Rather it is a challenge to 
their combined ingenuity. 

It is just as well that the honeymoon 
of artificial prosperity is over. Money 
was far too “easy” in an economic situa- 
tion where demand for everything was 
far in excess of the supply of materials 
and manufactured products. Lack of a 
sense of values made it comparatively 
simple..for manufacturers and retailers 
alike to. foistjunk upon the public at 
outrageous prices. In such an atmos- 
phere there ‘was little incentive, even for 
the leaders, to stimulate markets or create 
new desires by redesign and sound im- 
provements: The postwar miracles the 
public had been led to expect failed to 
materialize. Instead, in all too many 
cases, the manufacturer trotted out his 
prewar model either “as was” or dolled 
it up in some streamlined trimmings. 

The easy money has been spent. Na- 
tional income remains at an all-time high 
but those who spend it are becoming 
more hardheaded. They sense that a re- 
action is due and they appear to be 
marking time in hope of obtaining better 
values and more quality. 

What is the designer’s role in the new 





Today Challenges the Designer 


buyers’ market? On the face it looks 
like a tough assignment, but in reality 
it’s the opportunity of a lifetime. With 
some imagination and ingenuity the de- 
signer should have little difficulty in 
attaining certain broad objectives. In 
the first place he will have to provide 
new and meritorious designs—not just 
flashy stuff, sales features dolled up with 
superlatives and gimmicks—but sound 
engineering. Consumer products will 
have to give better performance and last 
longer. They will have to deliver more 
service, be lighter in weight and more 
efficient in power consumption. They 
will have to have visual character that is 
more than skin deep—and sell for less 
money. If it is a production machine, it 
will have to cut manufacturing costs and 
at the same time do better work. 

These broad objectives will not be met 
by substituting cheaper components and 
skimping on materials. The public is 
fed up with that. They will only be 
achieved by changes in design that will 
simplify and reduce manufacturing costs, 
and that accomplish the same result in 
a simpler way, with fewer parts. 

This is no time to drop design pro- 
jects or cut engineering expenditures. On 
the contrary, this is the time to put 
development engineers, product designers 
and manufacturing specialists to work in 
earnest. It is the time to call in vendor 
engineers. and discuss mutual problems 
relating fo quality and performance. We 
believe ‘that the future is in the hands 
of product designers today. 






Contour Controls 


on a Car Wheel Boring Mill 


Fully automatic machining of complex 
wheel treads at high production rates 
with single-point carbide tipped tools 
has been attained by adaptation of step- 
ping type relay controls superimposed 
on magnetic contouring controls for 
interlocked coordinate movements of 
several tool heads. 


boring mill was conceived, there existed no direct 

forbears of this type of equipment, namely a fully 
automatic machine tool equipped to machine railroad 
car wheels with carbide tools. Machining of car wheels, 
both cast iron and steel, has been regarded as the domain 
of high speed steel cutting tools form ground to the 
complex contour required for the wheel tread. Carbide 
tipped form tools of this type were impractical. The 
success of this development may be attributed to intelli- 
gent use of single-point carbide tools steered by elec- 
tronic contouring controls and backed up by a rugged 
machine tool designed to take advantage of the desirable 
qualities of carbides ; also to the persevering effort of the 
companies involved in the experimental work, namely 


A T THE TIME the Cincinnati Hypro car wheel 


Armco, Incorporated, and the Cincinnati Planer Com- 
pany. With 100 hp behind the table drive and fully 
automatic operation, production rates are substantially 
increased. 

In previous car wheel machining practice, it had been 
customary to hold the wheel in a horizontal position on 
the boring mill table, fastening it by a bar through its 
axle bore, leaving the rim surfaces free for machining 
by form tools. This machining is usually done on one 
machine set up for that purpose, and the wheel is then 
transferred to a separate boring mill, to complete the 
machining of its bore and hub. On the new car wheel 
mill, Fig. 1, the object was to combine all operations in 
one set-up and to have them proceed simultaneously and 
automatically with a decrease in production time. 

The requirement that movement of all tools be unre- 
stricted by clamps or holding bars so all surfaces might 
be machined simultaneously, dictated a new approach to 
the problem of holding the car wheel on the table. This 
requirement was solved by using carbide faced chucks 
built integral with the table, as shown in Fig. 2, gripping 
the wheel on the inside of the rim. In this way, all tools 
have free access to the surfaces to be machined. Chuck- 
ing operation is controlled hydraulically from the oper- 
ator’s position. 

Since point contact rather than form ground tools are 
desirable for carbide tipped cutters, it was necessary to 


Fig. 2 (Left)—Feeds on 
the four tool heads on 
the boring mill are driv- 
en by seven electronically 
controlled d-c motors. 
Work is held by three 
clamping jaws engaging 
the inside rim of wheel. 


Fig. 3—Magnetic tracing 
head and contour tem- 
plate at right controls 
feeds for turning tools; 
sequence head and cor- 
responding dogs are at 
left of tracing head. 
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apply some means of contour control in order to generate 
the curve on the car wheel tread. The General Electric 
contour control system, with magnetic tracing heads 
shown in Fig. 3, was used because of its versatility, and 
because it permitted the use of conventional boring mill 
components which had been time-tested in actual prac- 
tice. In addition, electronically controlled motors per- 
mitted a wider range of feed than armature voltage con- 
trol and provided a relatively high traverse rate obtained 
by the simple expedient of field weakening. Use of 
electronic drive also permitted the machine to be used 
for conventional boring mill work. 

Fig. 4 is a block diagram of the complete electrical 
and electronic system. Main table drive motor is a 100 
hp, 400/1600 rpm, 230 volt, dripproof shunt wound d-c 
motor. There are seven d-c feed motors, electronically 
controlled (1 hp, 1200/3600 rpm shunt wound, cont. 
55 C) each with a direct-connected tachometer gener- 
ator. Two pairs of feed motors are contour controlled 
for the right-hand and left-hand side heads respectively, 
while the right-hand rail head has its two coordinate feed 
motors sequence controlled, and the single left-hand rail 
head motor (carrying the hub boring and facing tools) 
is controlled conventionally by limit switches. In addi- 
tion, there is a 1-hp, d-c lubricating pump motor and a 
10-hp, 1150 rpm polyphase induction motor driving the 
hydraulic motor for chucking functions. 


Control 



















Fig. 1—Cincinnati 44-in. Hypro-Matic car wheel boring 
mill with fully automatic contouring controls for turning 
operations. After wheel is chucked, a single push but- 
ton starts a fully automatic cycle involving ten motors. 
















Because of the multiplicity of machining operations 
that occur simultaneously, it was desired to have the 
machine as fully automatic as practicable. After the 
wheel had been chucked, therefore, it was required that 
operation of a single button would energize the table 
drive motor and bring it up to speed, while at the same 
time automatic cycle of all heads on the boring mill 
would be initiated. After machining had been completed 
and heads retracted to starting position, it was required 
that the machine stop automatically, ready for unload- 
ing. Since automatic operation of each head in the com- 
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plete cycle was fixed, relay circuits arranged to operate 
in a fixed sequence were a logical choice. 

Movement of the various tools in fixed paths, under 
conditions of rapid traverse, feed, or contouring, imposed 
a need for a device to tie all the various elements— 
motors, their control, contouring head, traverse control, 
etc.—together on a space relationship basis. For example, 
the path of a tool on the right side head is as follows: 
Fast traverse horizontally “in,” slow down for proper 
approach speed of stylus to contouring template; take 
over of contouring under control of stylus operating 
along the template ; change of contouring speed to afford 
fine feed around critical contour of car wheel lip; take 
over of horizontal “out” traverse of ram away from con- 
toured surface; stopping of out traverse and initiation 
of “up” movement of head ; and stopping of all motions 
at original starting point of cycle. 


Addition of Sequence Head Solves Problem 


To indicate to the magnetic controller at what time 
the head and its tool are in proper space relation to the 
work to initiate the next operation in the cycle, a so-called 
“sequence head” was devised. It is mounted alongside 
the magnetic contouring head, Fig. 3, and consists of a 
stylus operating two precision snap-action limit switches. 
The first one is actuated by a “guard level” template 
which acts as a protective device to insure that the con- 
trol can never operate at traverse speed when the asso- 
ciated contouring stylus is close to the work template. 
-The other switch is actuated by truncated pyramid 
shaped dogs mounted on a vertical plate which depress 
the stylus all the way and control the sequence circuit 
through a series of interlocking relays. 

The concept of a fixed cycle of operations on a ma- 
chine of this type is normally the direct antithesis of 
versatile operation in other respects. It was therefore 
believed desirable that the operator should be able to 
remove any head from any part of the fixed cycle, and 
reintroduce this head at any other part of the fixed cycle, 
whereupon the head would continue through the remain- 
der of the cycle in normal fashion. The method used is 
simple but effective. On a machine-mounted station 


Sequence stylus @ 
Sequence dog TJ 


Contour stylus Mor Contour 


template 


each step is represented by a small neon light, in sight 
of the operator from his normal working position. Ag 
each part of the cycle is put into operation, a correspond- 
ing light comes on and stays lighted throughout the 
remainder of the cycle. For instance, when the head is 
operating in the fourth step of its cycle, four neon lights 
would be lighted. If the operator should decide to remove 
the head from operation and reinstate it in the sixth part 
of the cycle, he can do so by first removing the head 
from the fourth part of the cycle. This operation auto- 
matically cancels all lights and their associated sequence 
relays. The operator then jogs a “cycle selection” push 
button, causing one light to come on for each jog of the 
button. When six lights, together with their associated 
relays, have been energized, the circuits would be in such 
condition as to continue the normal sixth cycle of the 
operation, as soon as the operator pushed the “automatic 
cycle” button. 

Positioning of the head, when not in the automatic 
cycle path, is accomplished by means of a traverse button 
and a “steering potentiometer.” The latter, which is a 
feature of this General Electric contouring equipment, 
causes the head to move up and down and the ram in 
and out, in a combined direction determined by which 
part of the potentiometer’s 360 deg rotation is being 
used. As before, operation of the take over relay and 
steering potentiometer cancels all sequence relaying and 
pilot light setups, so that the operator is given a visual 
indication that he must again sequence the automatic 
cycle relays for that part of the cycle in which he re-intro- 
duces the head. 

To illustrate how control of either right- or left-hand 
tool slide is shifted between sequence head and tracer 
head, a detailed play-by-play account follows for the 
action of the left-hand side head. Both the contouring 
and sequence head associated with side head No. 3 are 
shown in Fig. 3, while Fig. 5 is a corresponding 
sequence chart. The action is as follows: 


A. Operation of the “Master Cycle—Start” button or the 
“Auto Cycle—Start” button will start ram of head No. 3 at 
traverse speed from position 3A toward position 3B. 

B. Before contour stylus enters position 3B, sequence stylus 


I77A 


Station3B 


: 


Fig. 6—Schematic of magnetic sequencing relays for 
the left-hand side. Basically, these controls perform 
a stepping fuunction. Relays 173, 175, 176. - + 


Fig. 5—Control is shifted between sequence and tracer heads 
by sequence stylus riding over dogs. Operation sequence is 
shown here for left-hand side head. 
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encounters guard level template and slows traverse of head to 
safe approach speed for contour stylus to its template.. Motor 
speed will not be higher than base speed (1200 rpm) and will 
; probably be lower. 

. C. As soon as contour stylus touches template, automatic 
; control takes over and carries head No. 3 up incline at slow 
} 





contour speed. This slope is designed to accurately position 
the head at a point corresponding to the “stop” or landing of 
the contour template, so that No. 2 tool (rounding tool) is in 
position to machine the proper curve on the edge of the wheel. 
| D. Template “step” carries head No. 3 in to the depth re- 

quired by No. 2 tool. Template shape will then carry the head 
, upward until No. 1 tool contacts the work. This tool is then 
carried around the flange of the wheel to position 3C, con- 
touring at low feed speeds. 

E. At position 3C, sequence stylus engages dog, and ram 
head moves outward at traverse speed to position 3D, just 
outside the contour of the guard template. 

F. At position 3D, sequence stylus engages dog to stop 
outward travel of head and start upward travel of saddle 
toward position 3E. 

G. At position 3E, sequence stylus engages dog to (a) stop 
upward travel of head; (b) to change direction of contour- 
ing from counterclockwise to clockwise; and (c) to start ram 
head moving toward position 3F at traverse speed. 

H. Before reaching position 3F, sequence stylus engages 
guard level template and slows down traverse of ram head 
to safe approach speed. As soon as contour stylus touches 
template, automatic contour control takes over, and carries 
head down contour of wheel to position 3G, at top contour 
speed. 

I. At position 3G, sequence stylus engages dog to take 
control away from contour stylus and move ram head outward 
toward position 3H, at traverse speed. 

J. At position 3H, sequence stylus engages dog to stop out- 
ward travel of head and start head saddle traversing down- 
ward toward position 3A. 

K. At the position 3A, sequence stylus engages dog (a) to 
stop downward travel of saddle, and (b) to restore direction 
of contouring control to counterclockwise. 


At any point in the cycle except when the contour 
stylus is in contact with template, heads may be operated 
at traverse speed by use of applicable traverse button. 
To traverse when contour stylus has control, operator 
must first depress a “manual take over—out” button 
which will move the contour stylus away from the tem- 
plate at maximum speed. If a traverse button is oper- 
ated when the sequence stylus is on the guard template 


level, travel of the head will be limited to approach 
speeds until the stylus is free of the template. Operation 
of traverse buttons cancels the automatic setup, which 
can be picked up by jogging the manual cycle adjustment 
button until proper lights on the program sequence board 
are lighted as indicated previously. 

Magnetic relay setup for accomplishing normal auto- 
matic sequence is shown in Fig. 6 for the left-hand side 
head. Here the two limit switches in the sequence head 
control are represented by 171LS (left in diagram) and 
172LS (right). Signal lights corresponding to stations 
3A, 3B, 3C, etc. (See Fig. 5) are identified as R and are 
in parallel with corresponding relays. Basically, it is a 
stepping type of control. 

These relays form a series of normally closed and 
normally open contracts between the various station 
relays. The cycle begins with the sequence stylus on a 
“dog” at station 3A and is initiated by depressing the 
“cycle start” button and energizing relays 173A, 173B 
and 173C. In turn relay 175 is activated and signal 
light for station 3A goes on. 

When the sequence stylus encounters the guard level 
template 171LS opens, dropping out relays 704 and 804 
and through resistances changing feed rates of both ram 
and saddle motors from high to low traverse. When the 
sequence stylus leaves the first dog, relay 172 drops out 
and 175 remains sealed in. Relay 176 will now pick up 
through the normally closed contact on 172A. On the 
next dog, relay 172 will pick up and since relay 176 has 
sealed itself in, relay 177 will pick up and seal in. This 
operation continues until relay 174 picks up. At that 
time it will open its normally closed contact (left in 
diagram ) ; hence, when the sequence stylus hits the next 
dog and picks up 172, the entire set of relays will be 
dropped out. The head is now back at position 3A and 
the travel circuit has been completed. 


Electronic Contouring Control System 


Basically, the General Electric contouring control sys- 
tem uses a magnetic tracing head which generates two 
coordinate signals in bridge circuits which are amplified 
and mixed to produce a single sinusoidal signal. The 
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sequence stylus all the way. Limit switch 171LS (left) is 
opened when stylus strikes the guard level template, and 
shifts drive from rapid traverse to feed speed. 


185 are successively picked up and sealed in by their own 
circuits (together with signal lights) each time that limit 
switch 172LS (right) is closed by a dog depressing the 
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latter is fed into a “bender” circuit that literally steers 
the stylus so that the contour plate produces a constant 
deflection of the stylus. After going through the bender 
circuit the signal. voltage is fed into two “translator” 
circuits which provide the d-c voltages used to govern 
the speed and direction of the corresponding feed motor, 
one for each coordinate direction, namely ram head 
travel (horizontal) and saddle travel (vertical). General 
scheme is shown in the block diagram, Fig. 7. 

The tracing head contains four variable inductances, 
and is so arranged mechanically that a deflection of the 
stylus affects the air gaps of these inductances, depend- 
ing upon magnitude and direction of the deflection. Two 
coils and air gaps are in one axis and the other two in 
a second axis displaced 90 deg from the first, correspond- 
ing to vertical and longitudinal feed movements of a tool 
head. Inductances are supplied with power from a con- 
ventional vacuum tube oscillator and power amplifier 
(not shown). Power from the oscillator is taken through 
a phase-shift bridge, which by means of a resistor-capa- 
citor combination, provides two output voltages 90 deg 
out of phase. These voltages, designated ‘‘reference” 
and “quadrature” voltages respectively are stepped down 
and fed to bridge circuits which contain the two sets of 
variable inductances in the tracing head. In the diagram, 
Fig. 8, these are designated as 1X and 3X on one 
mechanical axis and 2X and 4X on the other axis. Any 
unbalance in the bridge circuits means that a voltage will 
be impressed on the primaries of transformers P8T and 
P9T respectively. The balance points are adjusted by 
potentiometers. 

Potentiometer 5P (Fig. 8) is a “steering” potentio- 
meter for manual control. It will be noted that the ref- 
erence and quadrature voltages are connected to four 
points of the resistance winding. Sections of the poten- 
tiometer act as voltage dividers between these points, 
and hence the voltage from ground to slider will shift in 
phase as the slider knob is rotated. Phase angle of the 
output voltage varies almost exactly as the mechanical 
angle of the slider. Since the pickup circuit is sensitive 
to phase angle rather than voltage, the fact that the am- 
plitude of voltage signal from the potentiometer varies 
slightly, as the knob is rotated, does not matter. The 
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Fig. 7—Block dia- 
gram of magnetic 
tracer contouring 
system for right 
hand side head. Mag- 
netic tracing head 
generates two  co- 
ordinate signals 
which are amplified, 
mixed, fed to a 
“bender” circuit and 
then to a translator 
which governs both 
speed and direction 
of separate motors 
for horizontal and 
vertical feeds. 
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result is that direction of head travel will correspond to 
the direction the knob is pointed. 

Unbalanced voltages in secondaries of the two bridge 
circuit transformers provide low level signals which are 
fed to grids of 6SN7GT tubes, amplified to a workable 
level and applied to primaries of a second pair of trans- 
formers. Secondaries of these transformers comprise the 
mixer circuit and are connected in series. Since the 
input to each of the two transformers is a sine wave, the 
output from the mixer will be a sine wave that is the 
sum of the other two. Hence the signals from the two 
magnetic axes of the tracer head are resolved into one 
vector signal. This signal is fed into a “bender” circuit, 
Fig. 9, the purpose of which is to shift the phase of the 
signal voltage an amount which is a function of the 
magnitude of the signal voltage. This circuit is the 
heart of the G-E tracer control system. 

Referring back to the tracing head bridge circuit, Fig. 
8, it can be seen a vector signal is obtained from the 
tracing head. It can also be seen that it would be pos- 
sible to phase out the tracing head with respect to the 
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Fig. 9—Through a saturable reactor the “bender” cir- 

cuit introduces a phase shift which is fed to translator 

circuits to make change in direction of stylus travel 
proportional to stylus deflection. 
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of magnetic tracing 
head amplifier cir- 
cuits. Each magnetic 
tracing head has 
four coils: 1X and 

3X are in one cot 
ordinate plane and 
control bridge cir- 
cuit No. 1, while 2X 
and 4X at right an- 
gles thereto and con- 
trol bridge circuit 
No. 2. The direction 
potentiometer 5P is 
used to guide or 
steer the tool head 

manually, 





machine being used so that a deflection of the stylus will 
cause the magnetic tracing head to be moved in a direc- 
tion that is directly into, or normal, to the work. Unless 
something is done, this can only end in the bending or 
breaking of the stylus or template being followed. How- 
ever, the bender circuit shifts the phase of the signal 
voltage an amount proportional to the magnitude of 
stylus deflection. As the amount of deflection increases, 
the phase of the signal voltage is changed and the mag- 
netic tracing head is moved in a new direction. When 
phase shift reaches 90 deg the head will run tangential 
to the work instead of into the work. When it is run- 
ning tangential it is considered as having reached its 
“index point.” If the stylus runs in too far the phase 
shift is more than 90 deg and the stylus moves away 
from the work. 

Addition of this “bending” action to the output voltage 
from the tracing head makes possible the essential guid- 
ing characteristic that is needed. When a corner is 
reached the direction of deflection of the stylus changes 
and feed motors will tend to run in another direction. 


Fig. 10—Control of 


coordinate feed mo- .o 

. Signal 
tors is through these vee 9) 
parallel translator berger ad 
circuits, with the 
“reference” voltage 


applied to the plates 





of one set of tubes Reference 
(1-4) and “quara- omy Par 
ture” voltage ap- 

plied to plates of 

tubes 5-8. Signal 
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bender is applied to voltage 


the grids of all eight 
triode tubes. 
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To Bender 


However, if the stylus deflection tends to increase or 
decrease the bender compensates and keeps the deflection 
constant. 

In the bender circuit, Fig. 9, the signal from the mixer 
circuit is impressed on the grid of amplifier tube 7 and 
through transformer 1T applies the amplified signal to 
grids of cathode follower tubes 2 and 3. The d-c voltage 
obtained from these tubes depends upon negative d-c 
bias from potentiometer 7P (which governs the index 
point) and signal voltage on transformer secondary, 
S1T. As the signal voltage increases, d-c voltage in- 
creases, and bender tube 4 turns on. As a result current 
flows through the d-c winding of the saturable reactor. 
As this current increases, the a-c reactance of the satur- 
able reactor is decreased, causing a phase shift to take 
place in bridge circuit made up of D(S2T), 5R and the 
a-c winding of the reactor. The phase-shift voltage is 
fed to “translator” circuits, which are phase discrimin- 
ators. 

Phase shift depends upon amplitude of the signal 
input to the bender and hence the output -changes in 
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Left (A)—Simplified schematic of 
main power circuits of constant-current 
electronic motor speed control used 
with contour control system. 





Below (B)—Control circuit for con- 
stant-current reversible speed control 
employing armature current forcing 
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In this system the armature of a con- 
ventional d-c shunt motor is supplied 
from a phase-controlled rectifier and 
regulator which adjusts output voltage 
to maintain average d-c current constant. 
The field of the motor is supplied by 
two pairs of inverse-parallel rectifier 
tubes controlled so that any desired 
negative or positive value can be ob- 
tained. The system is inherently an 
adjustable torque system converted to an 
adjustable speed system through feed- 
back signal from a tachometer generator. 

In the circuit shown at A, grid control 
of all three pairs of thyratron tubes is 
effected by means of saturable reactor 
phase-shifting circuits which are indi- 
vidually controlled by means of respect- 
ive saturable reactor d-c windings. Cur- 
rent transformers in anode circuits of 
the armature tubes in conjunction with 
a rectifier and filter provide a d-c con- 
trol voltage proportional to armature 
current. As indicated at B, a d-c 
voltage proportional to armature current 
is compared against a standard voltage 
on the grid of a control tube VT8. 
This tube regulates current through the 
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d-c coil of a saturable reactor SRDC1. 
The corresponding a-c windings are 
shown at SR, in schematic A connected 
to the primary of transformer T3P 
whose secondary 73S is connected to 
grids of the armature circuit rectifiers. 
The setting of a minimum-current poten- 
tiometer R1J5 in the grid circuit of the 
control tube dictates the magnitude of 
armature current. If more torque is 
required than given by this armature 
current, one of the other forcing tubes, 
VT9 or VT10, comes into action, depend- 
ing upon whether the motor is running 
in a forward or reverse direction. 

If speed greater than basic (1200 
rpm) is called for, field weakening is 
employed through the action of a mag- 
netron tube VT20, operating on the 
positive and negative field saturable 
reactor tubes. The coil of the tube is 
in parallel with the motor armature and 
as the armature voltage increases, the 
current passed by the magnetron de- 
creases, pulling down the voltage on 
grids of the saturable reactor control 
tube (V16 or V17) for the field thyra- 
tron rectifier tubes and weakening the 












field sufficiently to give the desired 
speed. Speed control at any setting is 
obtained through saturable reactors 
and a tachometer generator mounted 
integrally with each feed motor. The 
latter provides a d-c voltage proportional 
to motor speed and this potential is 
compared with an adjustable standard 
voltage on the electronic control unit, 
through the setting of control potenti- 
ometers for manual control. Unbalance 
affects the bias voltage of grids in the 
forward and reverse control tubes, VT 16 
and VTI17, which in turn control the 
d-c current flowing through the satur- 
able reactors, SRDC2 and SRDC3. As 
before, the a-c windings on the other 
legs are connected to the primaries of 
transformers 74P and 75P whose sec- 
ondaries, 74S and 75S are split between 
the grids of a pair of thyratron rectifier 
tubes (See A) for both forward and 
reverse torque respectively. In this 
way the voltage output of the field 
rectifiers is controlled to give the proper 
speed and direction. With automatic 
contouring “translator” signal feeds in 
at points a and b, diagram B. 














amplitude also. Since the translator is sensitive to 
phase shift only, over quite a range of signal magnitude, 
this voltage variation does not impair performance. 
With high bender sensitivity, a large phase shift is 
obtained with a small change in signal magnitude. 

Combination of vector signal voltage from the tracing 


head and the phase shifting action of the bender circuit 
provides necessary guiding characteristics to keep the 
stylus following the templet continuously in any direc- 
tion. 

After having been given the necessary directional 


(Continued on page 184) 
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Appearance Designing 
in a British Radio Se 


HEN the British radio firm of E. K. Cole, Ltd. 

decided that they wanted to produce a set with a 
difference, they called in a freelance consultant to help. 
They had in mind a type of second set for office, bedroom 
or kitchen, and equipped with an electric clock and alarm 
which could be set to switch desired programs on and off 
automatically. In no sense did they want a set which 
would compete with the conventional type of table model 
radio they were already producing. 

They called in as design consultant for this job, Wells 
Coates—a member of the faculty of Royal Designers for 
Industry and well known for his industrial designs—to 
work in a studio at the plant. The consultant decided that 
the emphasis should be rather on a clock face (see illus- 
tration A) than on the speaker and dials, as is customary 
in most sets. In fact, he envisaged a set where the 
speaker need not show at all. 

Once this preliminary idea was accepted there followed 
experiments with a downward facing loudspeaker (B), 
and after many trials a solution was found which gave 
acceptable performance. The first model was equipped with 
motorized tuning but the idea was discarded, the engi- 
neers finally deciding in favor of knob-tuning in such a 
model. Also, the face designed for this prototype did not 
suit the designer, being too elaborate and not modern 
enough. 

In the next development model the tuning arrangement 
was so designed (C) that six stations could be pre-set 
(enough it was felt for any reasonable need), and a total 
of 24 stations could be selected. Plastics material was 
selected for the case. One of the engineers pointed out 
the need for an alarm which would operate when no radio 
program was being transmitted, since one of the main 
British stations does not go on the air until 9 a.m. This 
was met by the addition of an alarm with a musical note. 

During the development of the set, which was early 
christened “Radiotime,” a number of models and proto- 
types were made (D), incorporating various modifications. 
Acceptance of the final design by the management (£) 
was followed by preparation of working drawings and 
tooling-up for final production (F, G). From the day 
Wells Coates undertook the assignment to the first assem- 
bly line production (H) was a period of nearly two-and- 
a-half years—Arthur E. Jones, Newport, England 
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LEWIS M. CLEMENT 
Director, Research and Engineering 
Crosley Division, Avco Manufacturing Corporation 


ONTROL of the number and variety of standard 

and non-standard components entering into a 

design is important. If simple, inexpensive de- 
signs are to be realized, the number of different parts 
must be held to a minimum. Quality of the product and 
field troubles are to some extent dependent upon the 
materials and parts used, and hence the care in selecting 
them for design and use merits a great deal of careful 
consideration. 

Before attempting to cover the control of standard 
and non-standard parts in design, standardization itself 
and selection and qualification of parts and materials, it 
might be well to outline the organization of the engi- 
neering department of the Crosley Division. It is divided 
into six groups as follows: 

1—Television product design and development 

—Radio product design and development 

3—Refrigerator and appliance design and development 

4—<Advanced development and research 

5—Engineering services 

6—Patent department. 

Product design and development engineering groups 
are served by an engineering services group which in- 
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Component Varieties 


Brought Under Control 
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Fig. 2—Charted drawing used to record specification data on components having a family pattern in appearance. This 
one is for ceramic capacitors. Length and body diameter of ceramic tube is shown on the chart for each rating. 








cludes certain functions and facilities common to. two or 
more groups as follows: 
1—Engineering model shop 


2— Manufacturing information (drafting, duplication and 
clerical) 


3—Standards (specifications, technical and catalog refer- 
ence files, standards analysis work) 


4—Vendor contact engineer and staff, plus component 
test laboratory. 


The standardization group controls the use of standard 
and non-standard components. This group issues all 
specifications and standards and is responsible for the 
approval of new standards and specifications. It'is here 
that the real control begins. It is the objective ‘of this 
group to keep to a minimum the number of standard 
parts used in various product designs and discourage the 
use of non-standard parts. 

Data on standardized materials and parts are issued to 
the product engineering groups and to other interested 
departments including manufacturing, purchasing and 
inspection in the form of standard specifications, charted 
drawings and form drawings. Standard specifications 
are in the form of multigraphed sheets of 8% x 11 
size, filed in a three-ring binder. 

A start on this standardization program was first made 
by working up individual standard sheets on every type 
of fastener available, since fasteners are the common 
denominator for all products made by Crosley Division. 
This was necessary as a search of manufacturers’ cata- 
logs and various sources and associations producing 
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Beginning with setting up standard parts 


specifications, Crosley Division uses 
many devices, including pre-released and 
composite bills of materials and detailed 
analyses of parts in projected designs, 
to keep variety of standard and non- 
standard components at a minimum. 


standards showed that there are no National overall 
standards available on fasteners, although there are on 
fastener elements. It was found that the only real at- 
tempt to standardize fasteners had been made by Gen- 
eral Motors Corporation. Therefore on the standards 
sheets, Fig. 1, wherever possible, the General Motors 
part numbers are cross-referenced to the Crosley part 
numbers. At the top of the sheet there is a sketch of the 
fastener so as to facilitate identification of each type of 
bolt, screw, nut and rivet. 

These fastener standards are all-inclusive and take in 
all types of fastener known to the engineering depart- 
ment. Hence, the standards had to be screened for pur- 
chase and use. Based on experience only, a limited 
number of fasteners has been approved. These part 
numbers are marked as “released” against a specific 
item on the multigraphed standard sheet furnished by 
the engineering department. This indicates to all con- 
cerned that the part has been previously used and, if at 
all possible, re-use of the part is desirable rather than 
specifying the next larger or smaller size. In connection 
with the screening it is interesting to note that bolts and 
cap screws lengths have been listed in steps of % in 
instead of 4% in., with the obvious intent of cuttit 
down the number of variations of shank lengths to Je 
specified. 

Such general items as wire are covered by broad gpe- 
cifications such as thermoplastic insulated (or egliv- 
alent) wire, or Formex or Formvar insulated wirg As 
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Fig. 3—After filling in dimensional data in view C and connections for each section (B) using symbols shown in the 
code at A, this form drawing of a wafer switch is given a number and serves as basis for a standard component. 
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Date of this issue: Supersedes issue of: Sheet 1 of 
Kay 21, 1947 April 18, 1947 3 sheets 


“Indicates a Change s#Indicates an Addition Indicates Complete Revision 


Type: Cross Recessed Flat Head 

Katerial: Steel (50,000 P.S.I. Linimum Tensile Strength) 

} Thread: American National (Coarse or Fine as Show 

Fit: Class II 

Finish; As specified on Sngineering Parts List & Purchase Order 
For identification of finishes see Standard #39442. 
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Fig. 1—Typical of a Crosley standards specifications 
sheet is this one for machine screws on which only one 
size is shown “released.” Note tie in of Crosley with Gen- 
eral Motors part numbers and elimination of 3-48 size. 
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Fig. 4—Composite bill of materials enables use of related components, like capacitors here shown, to be charted against 
various models of end product such as radio chassis. Cost of each item is added in the column at far right. 
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an example of control, only three types of hookup wire _ physical shape required. Data on these charted drawings 
have been released. are usually filled in by Vari-typer to save drafting time 
Finishes are covered by detailed specifications for | and increase legibility. 
certain types of applications such as refrigerator cabinets. Form drawings are basic drawings of components in 
Plated finishes are covered by code symbols tabulated —= which the key dimensions and electrical data are added 
and applied as subscripts to drawing numbers, (CP for (see Fig. 3). They do not receive a drawing number 
instance indicates cadmium plating 0.0002 in. thick). until the specific data are filled in. All the necessary 
Standards on packing are also the concern of the information is added to the blank drawing by the project 
engineering department. These largely refer to location | engineer after which it is given a number and becomes a 
of identifying labels and their size for various size complete drawing for the item. Wherever possible, 
cartons. Other general specifications include graphic RMA Standards are used or, if the former are not 
symbols which are in accordance with recognized power _ available, data from reputable manufacturers are in- 
and radio symbols. Incidentally, many of the common __ corporated into the form drawing. These form draw- 
symbols are placed on guides to save drafting time. ings now apply to about fifteen items such as output 
transformers, power transformers, volume and _ tone 
controls, electrolytic capacitors and wafer type range 
Charted drawings are used to record in condensed __ switches. 
form specification data on components that have a gen- Standardization not only applies to purchased com- 
eral family pattern in appearance but vary in key ponents but to plant tooling as well, particularly where 
dimensions or ratings. Typical examples are ceramic they relate to component mounting. The number of cut- 
capacitors, molded mica capacitors, and powdered iron _ outs on a radio chassis is an item that cannot very well be 
cores. Fora single type item, such as ceramic capacitors, standardized but certain standard details can be adopted 
the charted drawing, Fig. 2, has one sketch with boxed to minimize the number and variety of the cutouts. Here 
data referring to lettered dimensions. These data may _ at Crosley standard cutouts are available in print form 
apply to twenty or more piece parts of basic drawing for such standard components as mounting centers for 
number and are indicated as dash numbers of the charted _— output transformers, tube sockets, mountings for i-f 
drawing: C-137727-1, -2, etc. Other components that transformers, power transformers, and the like. Stand- 
vary as to type such as iron cores may have as many as__ ard hole sizes have been established for use of sheet 
three or four sketches illustrating the various types metal screws and rivets. 
which are referred to by letter symbol to indicate the Finishes are more or less arbitrarily set up by stylists 


Charted Drawings and Form Drawings 
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working in conjunction with the sales department. A 
master set of color samples is retained in the engineer- 
ing department but additional swatches are available in 
the chemistry laboratory where the original color match- 
ing is done. 


Composite and Pre-Released Bills of Material 


Writing of standards and specifications is the first 
step in control of standard parts. The remaining steps 
are designed to see that the standards are incorporated 
in the various products of the company. One such 
procedure is through the use of a composite bill of 
material, such as is illustrated in Fig. 4. This is a 
breakdown or summary list of component parts pre- 
sented in alphabetical order by name of the component 
with corresponding part number beside it and checked 
against current model numbers. For example, in the 
case of a radio component like a resistor the same part 
might be found in a half-dozen radio models. Latest 
price quoted on the particular component is also in- 
cluded. These lists are posted from individual bills of 
material of each model. All the data on these sheets 
are printed by Vari-typer. Photo copying techniques 
are used to produce negatives from which duplicates 


ANALYSIS OF STANDARD COMPONENTS ~ NOT PREVIOUSLY USED CHASSIS 





p t d released standards. 
preferred engineering standards for radio design or will be added as soon as the drawings are released. 


Fig. 6—Use of standard components not previously used in a radio receiver is analyzed in this form with engineer’s 
reason for the need for a new item. A similar form is provided for analyzing designer’s choice of non-standard parts. 





Fig. 7—Summary chart of 
use of standard and non- 
standard components. Where 
many model numbers are in- 
volved, four separate charts 
would be prepared on a sin- 
gle sheet. This is one of sev- 
eral devices used to focus 
designer’s attention on tend- 
encies to increase use of non- 
standard parts. 
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Fig. 5—Form in which breakdown is presented showing 
percentage of standard and non-standard components 
not previously used or previously used for each product. 






PRODUCT ENGINEER'S 
REASON FOR REQUIREMENT. 


These parts are either currently 





% Of Components Specified That Now Will Be 
Considered As Released Standard Components 


Jo. Of Standard Component At Time Bill Of 
Material Was Pre-released. 


NOT PREVIOUSLY USED 


NON-STANDARD 
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can be made. These lists are made available to the 
product engineer. 

While the composite bill of material is a concise record 
of what is actually being used, the real check on the 
number of components in current use or for projected 
models is obtained through the pre-released bills of 
material. These preliminary lists of materials are ex- 
amined and analyzed in comparison with bills of mate- 
rial in previous models along with an actual model of 
the product being released. The summary report lists 
the number and percentage of standard and non-standard 
components not previously used and the same data on 









CROSLEY - DIVISION AVCO MANUFACTURING CORPORATION 
ENGINEERING REPORT FOR COMPONENT AND SOURCE APPROVAL No" _ 
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This part does not meet all requirements as follows: 
1. The .160 — .190 dim. ("A") varies .010 past max. 
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Fig. 9—Report form used for.qualifying acceptance by 
Crosley Division of all purchased components after in- 
spection and test of engineering samples. 
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Fig. 8—Display of standard radio parts in product engineer’s office shows the items currently being used. Part numbers 
are spotted under each part along with cost information which is revised regularly to keep it up to date. 


components previously used. Fig. 5 shows a standards 
analysis form for radio receivers. A particular study is 
given to the components not previously used whether 
they are standard or not and the product engineer is 
called upon to list the reasons for his choice on a de- 
tailed list, component by component, which follows the 
summation in numbers and percentages (see Fig. 6). 
When the excuse or reason is weak, pressure is brought 
to bear on the project engineer to get him to switch to 
a standard part. In addition the overall percentage 
figures are bar charted, Fig. 7, for each chassis model 
number so as to get a visual comparison with the 
averages of the previous model year. This thorough 
screening assures keeping the variety of parts used at 
a minimum. 

For visual check on the components themselves, sam- 
ple display boards have been prepared on which all 
types of standard components are mounted. Such items 
as radio chassis stampings, volume controls and trans- 
formers might be included (see Fig. 8). Each com- 
ponent has its drawing number and current cost informa- 
tion marked on a card mounted below the component 
and at intervals of four to six months the costs are 
revised and brought up to date. 


Engineer Assigned to Vendor Contacts 


In many companies vendor sales engineers must con- 
tact the purchasing department and depend upon the 
buyers, who usually are not technically trained, to bring 
their component products to the attention of the design 
engineer. In other companies the product engineer 
makes his own outside contacts. This is a procedure 
that often results in a great duplication of effort. 

At Crosley, the vendor contact engineer acts as 4 
focus of nearly all contacts between the division and 
sales engineers of vendors. The vendor contact engineer 
has an engineering background so that he can bring his 
technical understanding of components and their applica- 
tion to the particular product, thus supplying information 
for a complete set of specifications and design drawings 
that are practical. It is his duty to screen most of the 
callers. He may handle them himself or arrange a meet- 
ing with the proper engineer or engineers. One of the 
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most important functions is to prevent duplication of 
effort on the part of various engineers in searching for 
or evaluating sources of supply. After a few years on 
the job the vendor contact engineer knows the principal 
vendors intimately. He has visited many of their plants 
and studied not only their equipment and facilities but 
also their engineering personnel. The contact is so in- 
timate that in many cases the vendor’s engineering 
organization is literally considered an extension of Cros- 
ley’s own engineering department. He keeps up to date 
on catalog information which is filed in the Standards 
and Specifications section. Catalogs in this file are the 
only ones used for vendor part number identification. 
Aside from clearing all engineering purchases the 
vendor contact engineer qualifies all purchased com- 
ponents as to their acceptability for use in the design 
application and for manufacturing use in the various 
products. This is done through a component test labora- 
tory. This laboratory not only qualifies components 
that are submitted for approval before production release 
but also makes a sample check of production shipments 
before production starts in order to check production 
components against engineering samples. All records 
of tests and samples of the original approval are kept 





in the component test laboratory. Copies of the reports, 
such as the one illustrated in Fig. 9, are sent to interested 
people in the manufacturing, inspection, purchasing and 
engineering departments. 

There have been instances where complete shipments 
of parts that were not up to standard have been rejected. 
Far from complaining, the reliable parts supplier who 
is anxious to maintain his quality usually appreciates 
the fact that he was notified so that corrective measures 
can be taken. As a result, field service complaints on 
components of completed products are minimized. 

Thus, through proper organization and initiative as 
well as thorough follow-through on the part of super- 
vision, with the help of standard specifications, charted 
drawings of standard components, form drawings of 
standard assemblies, visual display boards, analysis of 
composite bills of materials, standardization and simpli- 
fication of Crosley products are controlled. Centraliza- 
tion of supplier contacts through a vendor contact engi- 
neer, checking of pre-production samples and spot check- 
ing production shipments by the component test labora- 
tory as a service to quality control department result in 
a finished product having top quality and a minimum 
of field troubles. ooo 





World’s Largest Motor 


To produce winds of 1500 mph 87,000 hp 
is applied to a single shaft driving an axial 
flow air compressor at 900 rpm 


ORLD’S largest super-sonic wind tunnel with 

87,000-hp motor capable of producing winds of 
about 1500 miles per hr, has been unveiled in Cleveland 
by the National Advisory Committee for Aeronautics. 
Features of the tunnel are an axial-flow air compressor 
with over a thousand blades ; the most mechanical power 
ever placed on a single shaft by electric motor drive and 
the three largest slip-regulators yet devised. Speed of 
the winds through the 6 by 8 ft test section in the tunnel 
is regulated by a pliable sheet of stainless steel that 
forms part of the entrance to the tunnel. This sheet is 
positioned by means of hydraulic rams that adjust it to 
varying curvatures to narrow or widen the throat 
through which the wind is forced. 

Wind is created by an air compressor driven by three 
29,000-hp electric motors hooked in tandem to a single 
drive shaft. The motors, designed and built by General 
Electric, operate at 900 revolutions per min, and are the 
largest ever built to run at that speed. Their 87,000-hp 
total is the greatest ever used in a wind tunnel installa- 
tion. Motors are wound-rotor, 8-pole, 6600-volt, induc- 
tion type using 3-phase, 60-cycle power from standard 
lines. 

Efficiency rating of the motors is approximately 97 
per cent, but even at that high rate, they lose 2610 hp at 
normal operating speed. Special insulation on the motors 
is capable of carrying a temperature rise of 80 C at con- 
tinuous rated load. Totally enclosed, the motors are 
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Three 29,000 hp motors mounted in tandem on a single 
shaft drive on air compressor delivering velocities up to 


1500 mph in new NACA wind tunnel. General Electric 
built entire drive, including controls and switchgear. 


fitted with water-to-air heat exchangers and axial-flow 
blowers for cooling. Although running in tandem 
mechanically, they are hooked up in parallel electrically. 
Current in the motors is so high that it is necessary for 
the stators to be connected to a three-phase transformer. 
Circuit breakers are located in the primary winding to 
allow the motor-transformer combination to be switched 
in as a unit. 

Stable operation of the motors is insured by slip- 
regulators of the liquid rheostat type. Due to the size 
of the motors it was necessary to build regulators that 
are physically the largest, carry the highest electric cur- 
rent, and dissipate the.greatest amount of power, of any 
ever designed. Tanks large enough to fit these regulators 
were too large for any existing freight car, so it was 
necessary to build three tanks for each regulator, one 

(Continued on page 192) 


99 


Design problems in developing an 


Electric Rang 


a new line of electric ranges, an exhaustive market 
survey was made to determine as accurately as 
possible the trend of consumer demand. This survey 
indicated that not only was there a definite trend toward 
electric cooking which created new markets for all types 
of electric ranges, but that there was an unusually large 
demand for an electric range which would give the cus- 
tomer the ultimate in quality, appearance, functional 
features, and automatic cooking. To meet this demand 
the deluxe model shown in Fig. 1 was designed and put 
into production to give the customer top quality, fresh 
appearance, many new features, all at a price below that 
of comparable competitive models. 
Design problems faced in developing this new model 
included a large number of detail items as well as the 


Pree to designing and placing into production 


Fig. 1—New range incorporates attractive lamp and con- 
trol panel, adjustable well cooking unit, illuminated oven, 

forced air warming compartment, and a room heater ac- 
cessory interchangeable with lower left service drawer. 
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larger overall considerations of appearance and per- 
formance. For example, the backguard lamp and con- 
trol panel shown in Fig. 2 involved a number of prob- 
lems of materials, fabrication of components and produc- 
tion assembly. In the first model of the lamp, a molded 
glass shade and die cast standard was used. Both mate- 
rials proved to be impractical from the fabrication stand- 
point and after a thorough study, stampings were used. 
The chrome standard houses the fluorescent lamp hold- 
ers, manual starter switch, ballast, and two convenience 
outlets. The standard is rigid enough to withstand not 
only the handling due to normal use and operation, but 
also abuse arising from pulling out appliance cord plugs 
from any angle. 

The drawn shade must fit the standard to prevent 
light leakage. This was accomplished by recessing the 
standard where the shade fits, returning the flange on 
the back edge of the shade, and using this flange for 
screw mounting of the shade to the standard. Light 
leakage was encountered in applying the shade trim with 
tabs. The trim, as used, has the bottom edge so formed 
that it snaps in place, covering the sharp trimmed edge 
on the shade. It was impossible to finish the horizontal 
exposed part of the standard with chrome, and also nec- 


Fig. 2—Drawn steel lamp shade is recessed into flanges in 
each standard. Location of all components in the control 
panel assembly is gaged from two holes in the backguard 


behind upper corners of the die cast bezel. 
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Step by step discussion of the design problems faced and solutions found in carrying 


a new deluxe model range through development—from market analysis to setting up 


requirements, design of major elements, selection of finishes and production methods 


T. H. CLINE 
Electrical Engineer, Newark Stove Company 


essary to cover the outlet clearance holes pierced in the 
bottom in the painted lamp versions used on the other 
deluxe models. Therefore, a prefinished light gage steel 
channel was blanked, formed and locked into place with 
the shade mounting screws. The mounting of the lamp 
was accomplished by staking hollow threaded studs into 
a No. 10 gage L-shaped stiffener which was welded into 
the return flanges of the lamp legs. These studs passed 
through round pierced holes in the top of the backguard. 
Washers formed to the backguard contour and jamb 
nuts completed the mounting. From the circuit diagram 
shown later, it will be noted that only three wires leave 
the lamp, the wires passing down the left lamp leg 
through the hollow mounting stud. 

A serious alignment problem arose in mounting the 
many components in this backguard assembly. Correct 
alignment of the backguard piercings was obtained by 
careful die design and construction. —To compensate for 
production tolerances on components, all assembly was 
gaged from two holes pierced in the backguard under 
the upper corners of the die cast bezel.. From these 


holes the oven timer and interval timer were gaged in 
assembly. The bezel was gaged from these same holes 
by means of two mounting screws. 


In turn, the thermo- 





Fig. 3—Plated trim rings and enameled reflector pans 


under cooking units are removable. Heating elements 


are mounted by snap-on hinges minimizing flexing of leads. 
Triangular supports are stainless steel. 
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stat, selector switch, and plastic bezel were gaged from 
the die cast bezel. Centrally located in the bottom flange 
of the plastic bezel is a notch which matches a boss in 
the bottom rail of the die casting, giving proper align- 
ment between these parts. The pilot cluster is located 
accurately enough from the four tube clearance holes 
pierced in the backguard. 

Use of a large thermoplastic bezel presented many 
problems because of the heat, moisture and grease en- 
countered in stove operation. The first design was 
molded from polystyrene with flanges on all four sides to 
minimize distortion in both molding and service. Early 
shipments showed that polystyrene’s affinity for dust 
made it necessary to remove it from the assembly and 
clean the clear windows before the range could be sold. 
Also, the air currents induced by normal heating and 
cooling would make cleaning necessary periodically. 
Most serious was the fact that the oven insulation binder 
and lead wire impregnation would vaporize slightly the 
first few times the oven was used, this vapor etching 
the plastic so that the instruments were obscured. It 
the surface burner nearest the bezel was left on high heat 
without a load on it or the pan boiled dry—and this 
condition allowed to continue for about one hour—heat 


Fig. 4—Removable cooking well is designed so heating 

element is adjustable in height while unit is in operation. 

Leads from the porcelain terminal to the heater are in- 
closed in glass sleeving. 
















conducted into the left hand end flange by the die casting oti 
would distort the edge of the bezel. The solution to r ; bee * a ieee 

these difficulties was changing the material specification fae 
to methyl methacrylate with a slightly higher softening 

point, less affinity for dust, and no reaction with the 
vaporized insulation binder. Mechanically, the bezel -Oven body Rotem Pom 
was changed for “snap-in” front mounting by removing Ground  ventchanne! oll support 










































| both end flanges and top flange except for a boss in the fermirral 

| center. This reduced conducted heat transfer to the Fig. 6—Air circulation through the oven is controlled 

point where distortion does not occur under the most by a vent in bottom of oven body directly under the 

abusive home conditions. The bezel is removable for terminal block. Heater baffle gives proper balance 

cleaning the clear windows by pulling the five knobs, between radiant and convection heat. 

| then pressing down and out on the top edge of the plastic. 

| Grouping of individual surface unit pilots in the same a carbon resistor of proper size across the socket termi- 
relative position as the units enables the customer to nals, as shown in the circuit diagram below. 
tell at a glance if the desired unit is on. So that the Many detail problems were met in designing the 
light could be seen from any angle of vision, jewels cooking units shown in Fig. 3. Novel features of this 
are molded in a prismatic form and extend above the unit are removable trim rings and reflector pans, and 
bezel. Inductive feedback was encountered since the snap-on hinge. All trim rings will eventually stain and 
pilot leads pass through the same channel as bus wires. discolor if left on the unit. With removable rings, the 
This caused one or more pilots to glow even though its customer can very easily remove them during the cook- 


unit was not energized, and was overcome by soldering ing operation, thus keeping them always like new. Should 









Backquard light 


oe 









7erm, 
'@ @ D) block 
L, N Le Q & 
RWB a 











(0) 
Jam switch 


I6Y to unipilot 











46B Cooker 
term. block Fa Sat. sleeve 


11 
s[ S558 


Cooker (Ee_> 


Warmer 
thermostat rp 
I6Ww 


) 








Fig. 5—Surface unit pilot lights, oven selector switch, 
thermostat and timer are mounted on control panel. Sur- 
face unit and warmer switches are on front of range. 
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Fig. 7 (Left)—Broiler grid is easily adjustable in height 
and shallow broiler pan minimizes smoking. Oven 
shelf is drawn about half the way out when door is fully 
opened. Fig. 8 (Center)—Trim ring retaining the glass 
window in the oven door is removable (without tools) 


they be left on the unit during the cooking operation 
and need cleaning, it is very easy to remove and wash 
them. Likewise, the porcelain enameled reflector pan 
can be removed and washed. The porcelain finished 
pan is better appearing, easier to clean and gives a heat- 
ing unit efficiency within % per cent of that obtained 
with a bright reflecting surface. 

The hinge snaps over the bottom edge of the opening 
flange and an upward embossing at the edge of the open- 
ing, giving hinge action but preventing undue flexing 
and strain on the lead wires. The reflector pan is sup- 
ported by the cook top. In turn, the unit support rests 
on a step in the reflector pan with a three-point bearing 
for levelness and stability. A stop angle is provided 
opposite the hinge so that if the unit is lowered into posi- 
tion without the pan in place, it will not fall into the 
stove. Normally, the stop angle floats in the clearance 
slot seen in the upper flange of the reflector pan. Con- 
figuration of heating tubes is such that the usual center 
cold spot is eliminated and cold spot at the terminals is 
minimized. Wattage of heater tubes is so chosen that 
steps between heats is nearly uniform. Also the heating 
tubes are so arranged that the proper intensity and 
distribution of heat is available for any cooking utensil. 
The unit support is made of stanless steel and heaters 
are long life, high speed tubular type. 


Design Includes Adjustable Cooking Well 


A well cooker is a desirable sales feature since it pro- 
vides the most satisfactory and economical means of 
cooking many foods. Many customers prefer another 
unit to replace the cooker ; many others desire an inter- 
change of well cooker and unit. To satisfy this require- 
ment, an adjustable well is provided as shown in Fig. 4. 
A standard unit is used with three formed wire legs 
welded to the adaptor ring. These legs pass through 
a slot in the lifter arm and a slot in the jacket of the well. 
Lifter arms are resistance welded to a bottom ring and 
fastened to the trim ring by means of formed tabs. Two 
handles are provided for adjusting the mechanism. In 
the down position, the heating unit legs rest on the bot- 
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for cleaning the glass. Liner and exterior panels are 
assembled with clips and sheet metal screws. Fig. 9¥ 
(Right )—Sintered iron rollers used for the storage com- 
partment drawer are quiet and require no lubrication. 
Channels near top of compartment store the grill. 





tom of slots in the jacket. To adjust to the upper 
position, the lifter assembly is lifted up as far as it will 
go, then turned clockwise so that the legs drop into 
notches provided in the jacket. When released the lifter 
mechanism will return to the down position, covering 
the top flange of the well jacket. To lower, the proce- 
dure is reversed. Power is brought from the switch to a 
ceramic terminal block mounted in the bottom of the well 
jacket, as shown in the complete wiring diagram for the 
range in Fig. 5. Power from this terminal block to the 
heating unit is carried by asbestos insulated, stranded 
nickel wires cabled in glass sleeving. 

This adjustable well mechanism is simple and econom- 
ical to manufacture, field service has been negligible, and 
good appearance is given in both positions. This well 
can be adjusted with safety when the unit is hot, a most 
desirable feature. 

Proper baking performance in an oven is accomplished 
by balancing the heat distribution between radiated and 
convected heat. The desired balance is obtained by the 
design of bake unit and heat distributor or baffle, and the 
proper amount of air admission to the oven. As shown 
in Fig. 6, an air inlet vent under the oven heater controls 
the air flow. The oven vent discharges under the burn- 
ers avoiding unsightly openings in the backguard. 

Many of the features of the oven itself are shown in 
Fig. 7. The adjustable broiler grid was developed from 
a study of broiling requirements. It was found that most 
of the smoke from broiling is produced from drippings 
heated by heat reflected and conducted by the sides of 
the broiler pan. For this reason, a shallow pan is used 
for broiling. The grid itself must be easy to clean, have 
a minimum of open spaces to better shield the drippings 
from direct radiated heat, and have small enough contact 
with the product being broiled so that the under side will 
not be cooked by grid conducted heat. A plated wire 
grid proved the most satisfactory in meeting all these 
requirements. Adjustment is accomplished by provid- 
ing three spiral slides over which is snapped the grid 
supports. One spiral slide is provided with depressions 


(Continued on page 186) 
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Todays Product Designs 


Matehed Units for 
Radio Servicing 


Time saving and good appearance 
are combined in this new test rack 
designed for servicing and testing 
radio receivers in radio repair 
shops. Any six of matching units 
may be assembled to form an at- 
tractive and confidence inspiring 
panel. Rack is metal and intended 
for mounting on top of workbench. 
All instruments are placed within 
easy reach whether operator is 
seated or standing. Front panels are 
hinged for easy access to equipment. 


Radio Corporation of America 


Refrigerator with Four Cooling Zones 


Entire length of the new home refrigerator is cooled with 
coils in walls arranged to provide four different cooling 
levels. Aluminum freezer chest at top is refrigerated on top, 
bottom and sides to maintain zero temperature. Food com- 
partment cooled by coils in side walls, decreases loss of mois- 
ture by eliminating frost formation. Condensation on walls 
drains to plastics re- 
ceptacle on back of 
tilt-out compartment. 
Glass enclosed section 
is cooled by coils in 
back only; retarded 
circulation keeps hu- 
midity high. Tilt-out 
compartment at bot- 
tom provides extra 
moist storage for fresh 
fruits. Stack type con- 
densor is assembled 
in air duct on back; 
sealed compressor 
unit mounted behind 
freezer compartment. 


Kelvinator Division 
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American Locomotive Co. 
and 
General Electric Co. 


First Gas Turbine-Electrie Locomotive Placed in Operation 


New type of motive power now being tested in ac- 
tual operation develops 4500 hp. Locomotive is 
single cab construction; 83 ft long, weighs 500,000 
lb, geared for 80 mph; burns bunker “C” oil. 
Compressor, combustion chamber and turbine de- 


Portable Electric Sprayer 


signed in-line. Turbine shaft drives compressor and 
power generator which feeds eight traction motors, 
each driving an axle. Further development gained 
from experience with this first unit is expected to 
result in substituting coal for oil as fuel. 


Vibrating diaphragm type air and disinfectants. Entirely self- 
pump built into plastics housing contained unit weighs 154 Ib. Elec- 
provides pressure for this new elec- tromagnet in head is controlled by 
tric sprayer. For paint, insecticides trigger switch in handle. 


Remote Control Unit 


Giving complete control of a remote central 
station for land-mobile radio communication 
system, this compact unit makes it possible to 
install transmitters where they can be con- 
trolled from convenient dispatching points. 
Unit will turn on plate power at the transmit- 
ter or mute a particular combination of station 
receivers. Automatic level control preamplifier 
modulates the transmitter to maintain maxi- 
mum allowable signal. Positive indicator lights 
and illuminated meters show operation. 
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General Electric Co. 





Anemostat Corporation of Americe 


Precision Wood Planer 


Heavy castings for rigidity and reduced vibra- 
tion, ample power for cutter heads, and general 
use of needle bearings are design features re- 
sponsible for precision performance and high 
capacity. Top cutter head driven by 25-hp, and 


Three-Way Air Meter 


Portable instrument measures air velocity, air tem- 
perature and static pressure. Battery power is self- 
contained in case weighing only 11 lb. Probe at end 
of long flexible cable has a heated nickel resistance 
element, cooled by air stream; air velocity measured 
indirectly by heat loss. Suitable for velocities from 
10 to 5000 fpm. By disconnecting heater power, in- 
strument reads air temperature over range of 30 to 
155 F with %4 deg accuracy. Static pressures from 
0 to 10 in. measured by inserting tip of probe cap 
through small opening into duct. 


- ‘Today's Product ne 


Buss Machine Works 


lower cutter head by 15-hp motors, both 3600 
rpm shaftless type. Feed motor is four speed; 
beds are raised and lowered by 4%4-hp motor. 
All feed rolls are carried on needle bearings 
with hardened, precision ground inner races. 
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Air Cireulator 


Presenting a departure from conventional design, 
this fan is cradled on a heavy plastics base pivoted 
on a horizontal axis; may be turned to direct air in 
horizontal or vertical direction. Fan may be set on 
floor, table or window ledge. Base is mottled mahog- 
any color; guard, also molded, is light tan, Three- 
blade propellers are deep pitch. Control switch on 
back of base provides three speeds for the 90-watt 
motor. Over-all height is 17 in; depth is 11 in; 
weighs 16 lb. Cord stores in base when not in use. 


Fresh'nd-Aire Co. 








Radiation Survey Meter nt 
Portable instrument measures intensity of beta and 
gamma radiation. Battery power for operation of 
meter is contained within case. Indicating instru- 
ment has three ranges with full scale values of 
0.2, 2.0 and 20 MR per hr; reaches 90 per cent of 
final reading in 3 sec. Battery life is 200 hr of 
operation, Case is waterproof. Uses standard type 
radio tubes, 





Carryable Generator 


Complete self-excited power plant delivers 1500 watts, 
115 volts, 60 cycle; weighs only 110 lb. Built-in gaso- 
line engine is equipped with governor to hold speed 
constant under varying loads, Air cooled engine and 
generator are weatherproof. One piece aluminum alloy 
casting serves as fan housing, engine and generator 
mounting. Armature shaft direct mounted to engine 
shaft; brushes and outboard shaft bearing carried on 
cast aluminum end bell. Completely shielded and fil- 
tered against radio interference. 


Homelite Corporation 
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bearing Wear 


Caused by Electric Current 


DR. DONALD F. WILCOCK 
Thomson Laboratory 
General Electric Company 


with poor lubrication conditions, dirt, or over- 

loading. However, bearings in electrical ma- 
chinery and associated equipment may be subject to 
wear caused by the presence of stray potentials under 
otherwise ideal conditions. While stray potentials are 
held to a minimum by competent design engineering, 
occasions arise where they must be considered as a fac- 
tor in bearing design. 

When these potentials are applied across antifriction 
bearings, from inner to outer race, pitting of the races 
occurs and after a short time a measurable amount of 
wear. Often this wear occurs in a rhythmic fashion 
around the circumference of the race so that a series of 
high and low spots results. This unusual type of wear 
is explainable on the basis of some simple experiments 
which have been made to study sleeve bearing wear by 
electric currents. 

Potentials applied across sleeve bearings will normally 
cause wear on the loaded half. The bearing will have a 
frosted appearance as the result of numerous very small 
pits in the surface. If the bearing has not been heavily 
loaded, high spots will have been worn away leaving an 
almost perfect bearing surface. Using this principle, 
potentials have been purposely applied across sleeve 
bearings and thrust bearings, on an experimental basis, 
as a method for accurately fitting journal and bearing. 


W EAR OF BEARINGS is normally associated 


Factors Affecting Rate of Wear 


In order to find the fundamental principles controlling 
wear of bearings caused by passage of small electric cur- 
rents, a series of experiments were arranged to permit 
observation of the phenomena. This testing program 
resulted in a much clearer picture of the mechanism of 
bearing wear caused by electric currents than had been 
available heretofore. It was found, for example, that no 
wear over and above normal frictional wear is caused 
by passage of electric current when the two rubbing 
parts are in physical contact with each other. Wear 
results when moving parts are separated by a thin oil 
film and is due to arcing through this film with resultant 
vaporization and removal of small amounts of bearing 
material. The rate of wear was found to be substantially 
independent of the type of material employed as the 
bearing; and was roughly proportional to current but 
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independent of the voltage down to quite low values, 

Test apparatus designed for this investigation was a 
simple one consisting essentially of a small sample of 
bearing material held under spring pressure against a 
ring of shaft material mounted on a motor shaft exten- 
sion. Arrangement of the apparatus is illustrated in 
Fig. 1. The test ring of shaft material is driven by the 
motor at 1800 rpm and has a surface speed of 700 ft 
per min. Test piece of bearing material is %4 in. sq and 
has a radius on the end conforming to the curvature of 
the test ring. The test piece is held in a square guide 
slot and is pushed against the test ring by a calibrated 
spring backed up by an adjusting nut. Amount of wear 
on the test piece is measured by means of a dial indicator 
reading in ten thousandths of an inch contacting the 
spring follow-up load. A lubricant is applied to the test 
ring on the side opposite the test piece by means of a 
wick and a drip oiler feeding the wick. 


110 vo/t 


a-c line 


“Constant 
voltage 
transformer 


- Variac 


11500 ohrn 
resis tarice 


loading spring 


/ Test 
piece 


Load adjusting 
screw 


Fig. 2—Dial indicator measures wear of specimen held 
against an insulated rotating ring under adjustable 
spring pressure. Milliameter measures bearing current 
with a-c voltage supplied by adjustable transformer. 
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Laboratory tests show that wear due to 
passage of current occurs only when 
the moving parts are separated by an oil 


film of critical thickness. Wear rate is 


a function of current rather than volt- 
age, independent of bearing material. 


In the electrical circuit used as shown in Fig. 2, drive 
motor and test ring are insulated from the base and 
frame holding the test piece. Contact is made with the 
test ring by means of a spring bronze brush. Variable 
a-c voltage is applied across the test gap in series with 
a milliameter and a resistance of 11,500 ohms. Voltage 
across the test gap was measured by means of a high- 
resistance voltmeter having a resistance of 1300 ohms 
per volt. Because resistance characteristics of a thin oil 
film are not constant with respect to voltage, the high- 
resistance element was added to the circuit in order to 
limit current to reasonable values in the event of physical 
contact between test piece and test ring. 

First exploratory experiments showed that a load on 
the test piece set too high caused physical contact be- 
tween test piece and test ring, and the voltage across 
the test gap dropped to zero. Under these conditions, 
with about 10 ma flowing, the rate of wear was found 
to be 0.00003 in. per hr for Babbitt running on SAE 
4140 unhardened steel. Lubrication was with spindle oil 
of 100 SUS viscosity at 100 F. Wear rate in the 


absence of current was found to be identical to the 


Fig. 3—Typical specimen after a 4-hr test with 8 ma 


current. After correcting for difference in contact area 
of the two parts, rate of wear on the Babbitt test piece 
was four times as great as on the steel cylinder. 
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Fig. 1—Laboratory test set up for inducing bearing wear 
and measuring wear rate under varying load, voltage 
and current, and with various bearing materials. 


wear rate which was obtained with current flowing. 

When loads on the test piece were reduced, the cur- 
rent became somewhat unsteady, averaging 8 ma. Volt- 
age drop across the test gap was about 25 volts with 100 
volts applied to the circuit. Under these conditions arc- 
ing was clearly visible between test piece and test ring, 
and wear occurred at the rate of 0.0024 in. per hr on 
the test piece. After a 4-hr run the path on the test ring 
had taken on a frosted appearance, as shown in Fig. 3, 
and the diameter of the path was 0.0002 in. smaller than 
the remainder of the ring. Since wear on the test ring 
was spread over a path 4.7 in. long, while the same 
amount of arcing takes place on a test piece only % in. 
long, the amount of wear on the test ring on a basis 
comparable to that on the test piece would have been 
0.0019 in. This corresponds to wear on the test piece of 
0.0096 in. in the same 4-hr period. Thus the steel ring 
is worn by arcing at a slower rate than the Babbitt part. 

In order to determine whether direction of the current 
had any influence on rate of wear, a d-c potential was 
applied first in one direction and then in the other. Rate 
of wear was found to be the same for either direction 
and nearly equal to that obtained with the same a-c 
potential. Wear due to the current passage was found 
to be readily reproducible, and stoppage of current 
always resulted in cessation of wear. Likewise, reap- 
plication of current always resulted in again initiating 
wear. The oil film during these tests was found to be 
approximately 0.0001 in. thick. 

Having demonstrated under what conditions wear due 
to passage of electric current takes place, further experi- 
ments were carried out to determine the relative resist- 
ance of typical bearing materials to this condition. For 
these tests the following conditions were maintained: 
(a) an applied a-c potential of 90 volts, (b) loading on 
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Fig. 4—Bearing wear due to current can be eliminated 

by insulating the sleeve as shown here, with oil rings 

made of non-conducting material. Or the bearing can 
be short circuited by a brush and slip ring. 


the test piece of 6% lb corresponding to a unit loading 
of 100 psi, and (c) current of 7 to8 ma. Table I shows 
the average rate of wear observed over a period of 
several hours. 

No large differences were found among widely vary- 
ing types of bearing materials tested, and all materials 
exhibited wear rates within a fourfold range. In gen- 
eral, harder materials wore somewhat more slowly than 
soft materials. However, in no case was a bearing mate- 
rial found which could be expected to withstand the 
wear caused by electric currents in an actual bearing 
installation. 

These tests illustrate clearly that difficulty will be ex- 
perienced because of wear if a source of stray potential 
exists in an electrical machine in such a way as to impose 
potentials across the bearing between the journal and 
sleeve. In order to eliminate wear it is essential, there- 
fore, either to insulate the bearing at some point to pre- 
vent circulation of current, or to short circuit the bear- 
ing in order to bypass the current. It is common practice 
in large generating equipment to insulate-one or more 
of the bearing support pedestals from the base in order 
to accomplish this purpose. In smaller equipment, bear- 
ings such as those illustrated in Fig. 4 can be made. 
These are oil-ring bearings which are made with an 
insulating plastic sleeve surrounding the metallic bear- 
ing liner which insulate the liner from the bearing sup- 
port. The oil ring itself also may be insulated or made 
from an insulating material. A bearing may be short 
circuited by means of a brush and slip ring adjacent to it. 

When wear occurs by means of arcing between journal 
and bearing, this arcing will take place between the 
points of closest approach. An arc struck between these 
two points removes metal, probably by vaporizing it, the 
vaporized metal being condensed by the oil film and 
flushed from the bearing. Thus a mechanism is operat- 
ing which will gradually produce two surfaces substan- 
tially equidistant from each other; and further current 
passage and arcing will result in a continued uniform 
wear of the bearing surface. Fig. 5 shows an actual 
Babbitt bearing which was worn more than 0.020 in. in 
this manner by the passage of about 1 ma current over 
a period of several months. The line of demarcation 
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Fig. 5—With 1 ma current arcing wear in this Babbitt 
sleeve bearing was more than 0.020 in. after several 
months service. Wear produced a surface (arrow) 
smoother than the original machined surface below. 


(arrow) between the new bearing surface created by 
electrical wear and the original machined surface below 
can be seen clearly. Amount of wear is also shown by 
the decreased depth of the oil groove at the end of the 
bearing since this oil groove originally was machined to 
a uniform depth. 

Extreme degree of uniformity which can be achieved 
in this way immediately suggests the possibility of using 
this effect as a means of fitting bearings and possibly as 
a means of producing accurate bearing surfaces. The 
finely pitted type of surface produced is desirable from 
the standpoint of retaining lubricant in the surface in 
order to provide lubrication under adverse conditions. 
Also the high degree of matching between mating sur- 
faces permits attainment of more perfect hydro-dynamic 
lubrication conditions and, therefore, the ability to carry 
higher loads. 

In order to demonstrate this principle of fitting bear- 
ing parts together by passage of arcing current between 
them, a simple thrust bearing was set up so that current 
could be passed across it. After passage of 8 ma for 
several hours, the surfaces shown in Fig. 6 were ob- 
tained. These surfaces are non-directional in surface 
roughness and have the same surface profile in any di- 
rection. This was confirmed by exploring the wear areas 
with a surface analyzer in both radial and circumferen- 
tial directions. Fig. 7 is a photomicrograph of the 
bronze thrust surface. 

It was mentioned at the outset that passage of cur- 
rent through ball bearings will also result in wear and 


Table 1—-Effect of Bearing Material on Wear 
Caused by Passage of Arcing Current 


Calculated 
wear rate 
for 7.5 ma 


0.0014 
0.0004 
0.0007 
0.0004 
0.0010 
0.0005 
0.0004 





Average 
current, 
Bearing Material ma 


Wear rate 
in. per hr 


0.0015 


Lead base babbitt aa 
744% tin babbitt 8.2 
Tin base babbitt 

Phosphor bronze 

Aluminum 

Bearing grade carbon 

Silver, electrolytic grade 


ELECTRICAL MANUFACTURING 











‘ig. 6—Bearing parts may be fitted together by pur- 
posely passing current across them. In this simple 
thrust bearing surface A was mated with B by passage 
of 8 ma current for several hours. 


pitting of a peculiar rhythmic type. This type of wear 
is illustrated in Fig. 8 which shows a portion of inner 
and outer races of a ball bearing which had been carry- 
ing 4 ma for about 500 hr of operation. A reasonable 
explanation of this rhythmic wear which gave alternat- 
ing high and low spots around the races can be made in 
view of the principles which have been outlined. When 
the bearing is standing still or moving slowly, metallic 
contact between inner and outer race occurs. and there- 
fore no appreciable wear or pitting should result. How- 
ever, when rotation becomes more rapid, thin oil films 
are created between the moving parts, and at some point 





Fig. 8—Inner and outer races of a ball bearing carry- 
ing 4 ma for 500 hrs shows pitting (arrows) caused 
by initial variations in thickness of lubricant film. 
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Fig. 7—Photomicrograph at approximately 250 diam- 
eters of the surface B of the bronze sleeve in Fig. 6 dis- 
closes the excellent finish developed by electrical wear. 
Surface analyzer showed that wear was not directional. 


the oil film thickness will become great enough to permit 
arcing to occur. At this point, a pit or low spot in the 
race will start to develop; and the balls passing over 
this low spot will tend to skip a certain distance before 
they approach the race closely enough to permit arcing 
to occur again. Pitting and wear will then begin to 
occur at this second point on the race. This type of 
wear will then be progressive and will proceed in much 
the same manner that washboarding develops in soft 
road materials where a single bump causing the vehicle 
tire to skip results in a second and then a third ridge. 
Where potentials across a bearing cannot be elim- 
inated, it is necessary either to short circuit the bear- 
ing or to insulate it from its supports at some point in 
order to break continuity of the electric circuit and so 
to prevent passage of current through the bearing. Com- 
mon bearing materials are all subject to wear during 
passage of current through a bearing made from them. 
But phenomenon of wear caused by the passage of elec- 
tric current may be used to advantage in fitted bearings 
and in developing superior bearing surfaces. OOO 





British Publications Listed 


Recent scientific and technical publications of British 
government agencies are listed in a report compiled by 
the Office of Technical Services of the Department of 
Commerce. Among the items listed are studies on the 
use of aluminum and aluminum alloys for food machin- 
ery, standards for hearing aids and audiometers, and 
flameproof testing methods. 

Through a reciprocal arrangement that has been in 
operation for several years the Office of Technical 
Services is regularly informed of new scientific and 
technical publications of the British government. While 
these data are not always directly applicable to Amer- 
ican manufacture and research, they are often of value 
in showing the approach taken abroad. 

A copy of this list of recent British government 
scientific and technical publications may be obtained 
without charge by addressing the Reference Service, 
Office of Technical Services, Department of Commerce, 
Washington 25, D. C. ooo 
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can help product development work 


You have three valuable design tools: 
Transparent working models for vis- 
ual studies of functional and structural 
elements; cast phenolic models for 
inexpensive experimental tests; pho- 
toelastic resin models for stress 
analysis. 
ALEX. E. JAVITZ 


Associate Editor 
ELECTRICAL MANUFACTURING 

RODUCT DEVELOPMENT problems can fre- 
Pp quently be effectively studied by means of experi- 

mental and test models made from certain types 
of plastics peculiarly adaptable for this purpose. Costs 
are comparatively low in terms of the results obtained. 
Techniques are relatively simple. A wider use of such 
models by product designers can be enormously helpful 
in detecting and correcting design defects before expen- 
sive full-line production begins. Such models make it 
possible for the engineer to record and evaluate a con- 
tinuous flow of data on which to base design modifica- 
tion and improvement, including determination of mate- 
rials and components, until the design is finalized. They 
can also be used to check and prove principles of mech- 
anical or electrical operation. Additional models can be 
employed on field tests, thus amplifying laboratory data.* 

Specifically, there are three broad types of plastics 
models that will be discussed here: 

1. Transparent Models. These are usually made from 
acrylic resins, less frequently from cellulose acetate or 
polystyrene. They provide the development engineer 
with an accurately scaled or full-sized representation of 
the complete product being designed or of components 
or subassemblies requiring special study. With these 
models, it is possible to visually investigate drive sys- 
tems; articulation of control devices; lubrication flow; 
bearing surface deformation; optimum location of in- 
ternal critical parts ; performance of such parts as valves, 
springs or pumps; and other phases of product structure 
and functional operation. In effect it frees the engineer 
in many instances from the handicap of figuratively 





2A distinction must be drawn between models for development or 
research studies and models made for sales demonstration or display. 
This distinction is particularly necessary in transparent models now used 
frequently for the latter purpose. Phenolic casting resins, too, find use 
for short-run models used for sales or demonstration purposes. 
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working in the dark in developing his new design. 

2. Short-Run Experimental Models. The use of cast- 
ing resins, primarily phenolics, provides a flexible and 
economical means for short pilot runs of prototypes or 
interim designs at frequent intervals during the product 
development stage. 

3. Models for Stress Analysis. Certain types of 
optically sensitive photoelastic resins find application for 
two- and three-dimensional study of stress phenomena 
in product parts. By employing newer materials accurate 
and intricate models can be made that will retain the 
“frozen” pattern of the location, direction and magni- 
tude of stresses for an indefinite period for all practical 
uses, thus permitting thorough precision-type studies 
under polarized light. 

A detailed consideration of each of these three groups 
now follows, with several areas of use illustrated by 
case-histories. Although some illustrations are perhaps 
only borderline to the conventional classifications of 
electrically operated products, yet they are included be- 
cause the principles involved are equally germane to 
almost any product design project. 


Transparent Models 


Acrylic resins are marked by certain well-known 
characteristics that make them conceded No. 1 mate- 
rials for transparent models. They rate on top among 
plastics in light transmission. Resistance to water is 
excellent, thus helping to achieve good dimensional 
stability. Resistance to a number of solvents, acids and 
alkalis is adequate to good, thereby permitting the use 
of acrylic parts in models designed to observe behavior 
of machine or equipment parts in contact with oils, sol- 
vents, etc. The other properties provide a balance of 
satisfactory characteristics for most purposes. 

Other plastics materials, when available in transparent 
or sufficiently translucent form, are also found suitable 
for model purposes. Cellulose acetate, for instance, has 
certain properties of superiority to acrylics in respect 
to impact resistance, compressive strength, and hardness 
that would indicate a preference in models where the 
parts are subjected to such forces and perfect transpar- 
ency is not a critical point. 

Transparent polystyrene models can be used advan- 
tageously instead of acrylic where certain test conditions 
can <atilize the No. 1 position of this material in dielec- 
tric characteristics and resistance to moisture. Resist- 
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ance to alkalis and acids is also outstanding, while the 
low specific gravity (lowest of all plastics) may be an- 
other advantage. A drawback, cited by model makers, 
is the relatively high expense of sheet, tube or rod as 
material for model working, owing to tendency toward 
breakage. 

Aside from the prime advantage of transparency, 
plastics materials offer other advantages for research 
and development models as compared with metals. Most 
important of these is the good machining properties of 
plastics which aid fabrication. Ease in fabrication is also 
a strong point of superiority over glass; so is, of course, 
resistance to breaking. Cost is a relative question ; with 
much depending on the value of the results obtained. As 
a rule, transparent models would be fabricated from 
sheet stock, also from tube, rod or cast block, which 
obviously is less expensive than building a mold for just 
a few models. Even though the cost of constructing a 
transparent model for development or research purposes 
may reach several hundred dollars, this can be a very 
small investment in net product design results. The 
avoidance of just one design flaw in the early stages of 
development would justify such an expenditure many 
times over. 

An interesting example of a transparent acrylic model 
used for development studies is shown in Figs. 1 and 2. 
This is a working scale model of a wheel shaft with a 
three-pinion gear drive designed for an electrically op- 
erated coal strip-mining machine. Fabricated from 
acrylic sheet and rod stock throughout, with the excep- 
tion, of course, of the 14 2-hp motor, the chain drive and 
some associated metal parts, it is a fine example of preci- 
sion craftmanship. Scale 114 in. = 12 in. (The model 
does not show the coal scoops housed in the revolving 
outer wheel of the actual equipment.) Another interest- 
ing example of how a transparent acrylic model can be 
used to study the operation and performance of elec- 
trical equipment is shown in Fig. 3. This model re- 
produces to one-third scale the motor-driven blower fan 
and associated smoke system designed for installation in 
a meat smokehouse. The model is operated by a single 
4 o-hp motor. Speed is controlled by a rheostat. Motor 
and controls are clearly visible in the illustration. Actual 
equipment as installed in smokehouse utilizes motors 
ranging from 3% to 10 hp. In general, transparent plas- 
tics models are particularly useful in solving problems 
associated with equipment incorporating duct systems. 
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Fig. 1—This shows a development laboratory trans- 
parent acrylic working model of wheel shaft and asso- 
ciated drive system of an electrically operated coal 
strip-mining machine. Model is driven by 1/12-hp 
motor. Scale: 1% in.=1 ft. Made for United Electric 
Coal Companies by Barnes & Reinecke Model Div. 
Material: Rohm & Haas’ Plexiglas. Fig. 2—Close-up 
view of same model showing chain drive. Coal scoops on 
outer wheel are not shown. 





Fig. 3—This acrylic working model (1/3 scale) of a 
meat smokehouse provides an excellent product develop- 
ment tool for the designers of the electrically controlled 
smoke supply system and equipment. Gerhard Kohler, 
chief of the Barnes & Reinecke Model Div., is shown 
pointing to the motor-driven model of the blower 
fan. Designed for the Atmos Corp. Material: Plexiglas. 


Special devices can be used to study air flow position 
of vanes and baffles, and related factors. 

A transparent cellulose acetate model of a turbine- 
electric unit designed for a Chesapeake and Ohio Rail- 
road locomotive (see Fig. 4) was used to solve the 
critical problem of satisfactory alignment of the rotating 
elements under all. operating conditions. To design a 
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Fig. 4—Theoretical analysis was too difficult so a %4-in. 
scale cellulose acetate model was built for a deflection 
analysis of the structure of an internally rigid power unit 


designed for a C&O turbo-electric locomotive. 
(Right) 


Fig. 5 


How actual loads were simulated by suitable 


locomotive frame sufficiently rigid to assure the required 
perfect alignment at all times was found to be impractical. 
The solution was to design an internally rigid power 
unit containing the rotating elements (turbine rotor, 
pinion and two mating gears solidly coupled to the 
generator armature) supported only at three points on 
the locomotive frame. A 4-in. scale model, as illustrated, 
was constructed to make possible a deflection analysis of 
the structure as designed, since a theoretical analysis 
was too complex and difficult. Reference to the illustra- 
tion will show how the actual support points in the 
locomotive are duplicated in the model by rollers and 
rigid mandrels. Actual loads were simulated, as shown 
in Fig. 5, by means of scale weights suitably applied. (7) 
Model deflections were theoretically related to those of 
the actual steel structure on the basis of comparative 
moduli of elasticity of the acetate and steel and the 
scale of the model. 


Lubrication Studies Facilitated 


Mechanical parts such as bearings and valve mechan- 
isms are good subjects for transparent plastics models. 
The model of steam-pressure safety valve shown in 
Fig. 6 is moreover a good example of how acrylics can 
be combined with metals (in this case aluminum) for 
optimum results. The valve is designed for pressures 
up to 3000 psi and temperatures to 1000 F. The com- 
bination acrylic-aluminum model can be easily assembled 
and reassembled. Originally designed for development 
study, it also fills a concomitant function as a demonstra- 
tion model in application field work to aid equipment 
designers in studying the valve features. Light weight 
of the model is of special advantage in that respect. 
Actually, complete prototypes of machines can be built 
utilizing metals combined with transparent plastics. 

Lubrication flow is a natural subject for study in 
transparent models. Fig. 7 shows an acrylic model of a 


ee in parenthesis refer to cited references at the end of the 
article, 
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Westinghouse Electric Corp. 
system of applied weights. The unit is supported at only 
three points on the locomotive frame and a similar system 
is employed in the model. Ease of fabrication, trans- 
parency and good mechanical strength made acetate an 
excellent choice. Material: Celanese Corp. Lumarith. 


machine bearing through which a red-pigmented oil is 
passed so that seals, oil passages and relief points may 
be accurately observed and any defects in operation 
quickly noted and corrected while the machine is still 
in development stage. 

A more elaborate set-up for investigating lubrication 
phenomena by means of transparent acrylic models has 
been described by Boyd before the 1948 semiannual 
meeting of the American Society of Mechanical Engi- 
neers.(2) Simple slider- and journal-bearing models 
were constructed out of acrylic stock and were used to 
conduct an extensive series of studies designed to 
visualize conditions within the bearing and to evaluate 
the pressure developed in an “oil wedge,” the position 
of maximum pressure, the effect of speed, viscosity and 
other characteristics. 

An important use for such models is to determine to 
what extent the “idealized conditions” used in laboratory 
analysis are actually reproduced in practice. For exam- 
ple, most analyses are based on the assumption that 
a full fluid film is supplied to-the bearing, but in actual 
practice this is not always the case. Transparent acrylic 
models are also found particularly useful for determin- 
ing the effectiveness of grooves, reliefs, etc. The intro- 
duction of pigments into the oil makes it possible to still 
further pursue these studies by noting film color varia- 
tions caused by various factors affecting lubrication 
efficiency. 

Figs. 8 and 9 illustrate one of the transparent models 
used in this investigation. Although the apparatus 
described applies to bearing lubrication in heavy equip- 
ment a description of the model is given here in some 
detail to indicate how similar models and methods can 
be applied to related development studies in other areas 
of product design. 

The model shown is of a plain journal bearing. It con- 
sists of an aluminum journal which may be rotated by 


hand and a 180-deg acrylic bearing which rests on the top 
of the journal. Four rods attached to the bottom of the 
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bearing support the oil reservoir and a steel counterweight. 
Reservoir may be adjusted vertically to bring the oil in 
contact with the under surface of the journal. The 
counterweight serves to provide a load for the bearing and 
as a pendulum weight to produce a restoring moment 
when friction tends to rotate the bearing. A pointer is 
then attached to the top of the bearing and a fixed scale 
is fastened to the journal mount. By these means the 
coefficient of friction of the bearing on the journal may 
be indicated directly. 

The preferred procedure is to first demonstrate the 
performance of the bearing without lubricant. If the 
crank is turned very slowly, it will be found that the 
pointer will move over to approximately 0.2-0.3 (see Fig. 
8) before the bearing breaks away. An oscillatory motion 
results from continued turning with the bearing alter- 
nately sticking and slipping. 

A stoppered air chamber is provided at the top of each 
hole so that the higher pressures may be handled easily. 
The rise of the oil in the holes will be approximately pro- 
portional to the film pressure. This arrangement is nec- 
essary because if open holes were used the introduction 
of a lubricant would produce, at suitable operating speeds, 
relatively high film pressures and cause overflow of oil, 
thereby making it impossible to note any differences in 
film pressure. 


Several other interesting examples of the use of trans- 
parent plastics models in product design work are cited 
by Brown and Harris.(3) In one case this approach 
was used to find the source of trouble in an aircraft fuel 
pump that, despite several design modifications, con- 
tinued to function below calculated efficiency. By sub- 
stituting a transparent plastics front cover for the stand- 
ard metal cover and illuminating the interior, it was 
possible to observe the flow of fuel and detect the trou- 
ble spot. It was found that there was a “flutter” in the 
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Fig. 6—Mechanisms such as this Foster 
Engineering safety valve lend themselves 
readily to plastics models for design study. 
Transparent parts (du Pont Lucite) made 
by Stricker-Brunhuber. 
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inlet valve and a suitable correction was made. Another 
example is a transparent model of a centrifugal pump 
used to obtain needed design data on blade structure 
and position of the ports. 


Models from Casting Resins 


Phenolic casting resins provide a very useful tool for 
the development engineer for quickly and economically 
reproducing original designs or parts thereof for test 
purposes. The resins come in liquid form* and can be 
cast in simple molds without the application of pressure, 
thus eliminating the cost of expensive steel molds or dies. 
Plaster or wood molds can be used, or flexible molds 
made from special rubber-like compounds. The casting 
resins themselves can be used to make molds by pouring 
the casting resin over a suitably treated pattern and then 
baking under specified conditions. Only a few hours of 
bake are required at a relatively moderate temperature. 

Properties of resulting cast parts approach those of 
phenolic parts compression-molded under production 
methods, although they are mechanically weaker and 
show lower electrical values. Machining properties are 
satisfactory and in general standard shop equipment may 
be utilized, subject to certain simple precautions. 
Phenolic casting resins are light yellow after curing 
and then darken considerably upon aging. Pastel colors 


8 Chemically, the cast phenolic resins resemble the molded phenolic 
materials in that they too are basically thermosetting products of a 
reaction of phenol and formaldehyde. The difference lies in the fact that 
the casting resins, as stated above, are made in liquid form and are cast 
and cured at ordinary oven temperatures with no pressure and only the 
addition of suitable catalysts, additives and dyes. The phenolic molding 
materials, on the other hand, require the addition of various fillers, such 
as woodfiour, cotton flock, etc., to provide special-characteristics, and are 
molded by means of high pressures and culetbecler high temperatures in 
conventional compression-, transfer-, or plunger-type molding presses. 





Fig. 7—Machined to close tolerances from Lucite acrylic stock, this trans- 
parent working model of a machine bearing permits Westinghouse design 
engineers to make quick visual studies of lubrication performance and so 
indicate necessary redesign in equipment where bearing is to be used. 
Red-pigmented oil is employed to facilitate observation. 
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are not stable although various dyes may be added. 
However, darker colors such as blacks, browns, reds, 
greens are much more permanent and satisfactory. 
Colored casting resins for model-making purposes are 
not furnished by many of the resin manufacturers. 
(See table page 180 for properties of a typical resin.) 
Housings and components of electric appliances pro- 
vide a good opportunity for such experimental or test 
models. An interesting case history is presented in the 
development of the Samson-United automatic “Tandem” 
electric toaster. It was found desirable to have a dozen 
toasters or so for actual use testing. Expensive steel 
molds and full production methods were of course out 
of the question due to prohibitive cost. Machining the 
required parts from a cast plastics block was also ruled 
out as too expensive. The solution was to use a phenolic 
casting resin, both because of the economies involved 
and because it had already been determined to use phe- 
nolic molding powder for the final production run. 


Minor Design Changes Easily Made 


Inexpensive plaster molds were then made from the 
original hand-carved wood models of the toaster base, 
the dial front, crumb tray handle and control knobs. 
Test models of the toaster were then assembled, tested 
as needed, and indicated design modifications made. 
Owing to the adaptability of cured cast parts to light 
machining, drilling, etc., it was possible to make minor 
design changes right in the cast parts. Holes or bosses 
were plugged or removed and the position shifted by 
employing the casting resin for patching or building up. 
Even the lettering was incorporated into the plaster mold 
and was reproduced very satisfactorily in the cast parts. 
Appearance of the actual toaster as designed was simu- 
lated by lacquering the cast pieces and wiping in the let- 
tering with enamel. 

The value of such inexpensive test models is particu- 
larly evident when the final design calls for rather in- 
tricate molding. An examination of the molded parts 
as illustrated in Fig. 10 (the cast phenolic base is in the 


Fig. 8—This ingenious journal bearing model designed 
for investigating lubrication phenomena suggests how 
transparent acrylic can be used advantageously in other 
types of models for similar studies. Fig. 9 (Right)— 
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background) will disclose some of the difficult elements. 
For example, the crumb tray slot (see right-hand end 
of base) is horizontal. Shape of the slot is indicated 
in the crumb tray handle shown in the foreground 
(note cut-out section). This called for intricate mold- 
ing technique to avoid fins or burs in the slot. More- 
over the side holes and slots in this case were more 
than normally difficult to mold owing to the molded-in 
lettering close to the adjustment shaft holes on the 
front of the toaster base. And it was interesting to 
note that the cast base came within a half-ounce of the 
weight of the final production-run compression-molded 
phenolic base. (Durez casting resin was used in this 
work for the test pieces, and Durez phenolic molding 
material for production runs.) 

Casting resins were also used by the same company 
for experimental housings required during the develop- 
ment of a redesigned portable electric fan. Thorough 
functional tests were made on these housings prior to 
setting up full production. . 

Still another example of the use of phenolic casting 
resins for making test models is the Carrier Corporation 
air conditioner grille shown in Fig. 11. Both the orig- 
inal engineering model and a number of additional 
pieces subsequently desired for testing purposes were 
cast from this resin owing to the simplicity and economy 
of the method. After all tests were concluded, tool 
steel molds were designed and the production run was 
made with a brown-colored general-purpose phenolic 
molding powder characterized by the necessary good 
electrical and physical properties. 

There are numerous types of phenolic casting resins 
on the market; and data covering differences in prop- 
erties and manufacturing methods are available from 
the respective producers. It might be noted that phenolic 
casting resins may be broadly classified in two types: 
(1) Resins, of the Durez type, that require an acid 
catalyst and can be oven-cured in relatively low tempera- 
tures in 4 to 8 hr, and (2) certain other types that 
require no catalyst, but do need a cure period of 24 to 


Westinghouse Electric Corp. 


--frichion scale 


- Pointer 


-Hole (4g dia) 
--Journal 


-- Splash guard 
---Reservoir 


Sectional diagrams show details of construction. Acrylic 
is used for both the bearing and the reservoir. Hand 
crank operates model and a suitably arranged pointer 
and scale indicate directly the coefficient of friction. 
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48 hr. The first type of course provides the advantage 
of faster production, but may be slightly weaker in 
physical properties. 

Furane-base casting resins are also available for the 
purpose of making experimental models through simple 
molding techniques at ordinary room temperatures. 
Typical is a molding powder known as Calcerite which 
is first added to water to make a mixture suitable for 
molding. The phenolic resins, however, are the most 
widely used. 

Acrylics are available as casting resins but are seldom 
if ever molded directly into experimental working 
models. As already indicated, they are used for casting 
rods, blocks and other shapes that may be utilized for 
models by machining or other fabricating methods. Cer- 
tain polyester resins of the allyl type come in cast form 





Fig. 11—Durez phenolic casting resin was used to pro- 
duce quickly and at low cost a number of laboratory 
design models, such as shown here, of a grille for 
Carrier air-conditioning equipment. Note especially the 
good detail and finish obtained by this method. 
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Fig. 10—Intricate details of 
base and other plastics parts 
of the Samson-United “Tan- 
dem” automatic toaster made 
frequent design changes neces- 
sary. For this purpose, test 
models were inexpensively 
made in plaster molds from 
Durez phenolic casting resins. 
Typical cast part is shown in 
the back. The five parts in 
the foreground are produc- 
tion-run, compression-molded 
from phenolic material. 


also suitable for machining, etc. The allyls rate next to 
acrylics in light transmission properties, but rate low in 
impact strength. There is no apparent advantage in 
using allyl stock for model making unless some very 
special consideration arises such as superior resistance 
to solvents. 


Photoelastic Resins for Stress Analysis 


Significant progress in the use of photoelastic resins 
for stress studies is of comparatively recent origin. The 
important developments have been crowded within ap- 
proximately the past decade; and the earliest. experi- 
ments go back only to about 1912. First use of plastics 
in this field was of cellulose nitrate (or celluloid as it 
was generally known). Characterized by excellent optical 
properties and far superior to glass in machining quali- 
ties, this material was utilized for laboratory models 
designed to investigate two-dimensional stresses. It 
replaced glass used in still earlier investigations. Prob- 
ably the earliest of these was a glass model of a bridge 
used by a French engineer to evaluate the stresses in 
the structural members by measurement of optical effects 
developed under loading of the model. (4) 

No attempt will be made in this review to present the 
rather complex theory of photoelasticity nor to detail the 
methods of analysis that are employed. The several 
references given in the bibliography at the end of the 
article will enable the reader to obtain such information. 
Briefly, however, photoelasticity may be described as 
the study of the optical effect produced in certain trans- 
parent substances under the action of stress. For the 
study of two-dimensional stresses the polarized light 
is passed through a loaded model made from a suitable 
photoelastic resin and the stresses are deduced from the 
effects they produce upon the light. The model obvious- 


(Continued on page 178) 
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Color Coding and Decade Values 
for Molded Tubular Capacitors 


Steps taken by one manufacturer, in line 


radio resistors and by the Armed Forces, 


color coding and “preferred” decade values of 
rating for molded tubular paper capacitors would 
indicate that eventually all types of fixed capacitors 
might be so classified. Color coding and preferred 
decade values are established for small radio resistors. 
The first move in this direction was made by the 
Sprague Electric Company, North Adams, Mass., when 
it brought out a new line of molded tubular paper 
capacitors about a year ago. Introduction of this new 
type of moisture-resistant component presented the 
opportunity to clean up capacity practice in general. 
Over the years, largely as the result of a continuing 
“buyers market” in the radio parts business all large 
end-product manufacturers were writing their own spe- 
cification tickets and the net result was considerable 
confusion. Considering the variations in specifications 
due to an arbitrary series of capacity values, tube color, 
lead length, variations in end cap seals for high.and low 
temperature conditions and humidity, there were some 
fifteen hundred varieties of paper tubular capacitors 
alone for the designer to draw upon. Including individ- 
ual customer markings added to the “specials”. 
Furthermore on a made-to-order basis, capacitor 
demand is seasonal and spotty, resulting in periods of 
great productive activity followed by layoffs. Rehiring 
and retraining for the next peak load adds to manufac- 
turing costs, estimated at some two hundred dollars per 
worker trained. Higher “shrinkage” on individual 
orders also adds to cost, particularly where proprietary 
name marking is applied. And specialized markings 
made it difficult to “borrow from Peter to pay Paul” 
when a quick fill-in order has to be met. Short runs are 
obviously more costly. 
The chief advantage to both user and producer of the 


\ CCEPTANCE by leading radio manufacturers of 


Handy color code indicator keys band colors to capacity, tolerance and voltage rating. 


with system of preferred values applied to 


set pace for all types of fixed capacitors. 


new series of sizes is the reduction in the number of 
stock sizes.* For the first time, in fact, the capacitor 
manufacturer by avoiding specials can stock ahead and 
take advantage of cost savings all along the line. Delays 
in shipment are also obviated. 

Sealing tubular paper capacitors in a compression 
molded plastics case automatically reduced the number 
of variables in specifications. A molded phenolic case 
inherently provides moisture resistance and ability to 
withstand extreme temperatures. It is no longer neces- 
sary to call for a number of waxes with different melt- 
ing points for the end seals. Wax dipping also becomes 
unnecessary. Furthermore, the requirement of provid- 
ing molding dies results in uniform lead lengths. (Add- 
ing die costs for specials is a decided deterrent!) The 
remaining choices were in capacity values, tolerance 
ranges and markings. 

Over the years fixed capacitor ratings have been 
arbitrarily established in 
a straight arithmetic pat- 
tern, such as 0.001, 0.002, 
0.003 mf etc., providing 
more or less equal steps 
between each value. The 
weakness of the system is 
seen when it is considered 
that tolerances are always 
expressed on a percent- 
age basis, and hence the 
tolerance figure becomes 
a multiplying factor (log- 
arithmic). As the values 
become larger the toler- 


*See also ‘“‘Component Varie- 
ties Brought Under Control’, be- 
ginning on page 94. 


Table I—Preferred 
Values for Capacity 
Decade Numbers 


Tolerance Range 


+20% +10% +5% 
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Six color bands on tubular capacitors identify capacity 
and tolerance range following the general system in use 
for molded resistors. 


ance spread becomes larger and a considerable amount of 
overlapping of actual values occurs from one nominal 
rating to another. 

Furthermore, whims of individual specifiers resulted 
in setting up tolerances ranging from +50, -20; +-40, 
-10, down to +20 and +10. Capacitors whose test 
values fell outside these purely arbitrary ranges were 
usually scrapped since they did not fit into any logical 
system of rating and hence could not be rerated. 

The new series of preferred values follow a log- 
arithmic pattern and are logically tied up with three 
tolerance ranges (see table). They are the same as the 
series of preferred decade values which were established 
for fixed carbon resistances some years ago and which 
had been adopted for capacitors as Joint Army-Navy 
(JAN) standards during the war. As an abstract 
standard, without reference to any specific components, 
the series of preferred values had been accepted by the 
Radio Manufacturers Association (RMA Standard Pre- 
ferred Values, GEN-102, July 1948). 

The term decade used by Sprague takes its name from 
the fact that the table advances in multiples of ten 
although gaps between values follow a logarithmic 
form. For tolerances of +20 per cent, the series of 
successive values are related by the multiplying factor 
of 10° or 1.46, or 1.5 approximately. (1.5 1.5 = 2.25, 
or 2.2 approx.; 2.2 K 1.5 = 3.3, etc.) For tolerances 


Table 1I—Color Coding Applied to Molded 
Tubular Capacitors 
































No. of Zeros Capacity 
COLOR Significant Following Tolerance 
Figure Sig. Cap. Fig. Per Cent 
BLACK 0 +20 
BROWN l 
RED a Rego 7 a 
| ORANGE | 3 +30 
YELLOW | 4. 0000 +40 
GREEN 5 00000 +5 
BLUE | 6 | ooo | 
VIOLET 7 
GRAY 8 
WHITE 9 +10 
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NOMINAL CAPACITANCE 
IN AMF 


NUMBER OF ZEROS 


CAPACITY VOLTAGE 
TOLERANCE —__ 1st (VOLTAGE SIGNIFICANT 


FIGURES 


CAPACITANCE ata Ist EC FIGURES 
2nd 


207} 


BLANK (Reserved for 
Service Characteristic) 


Key to application of color code to molded tubular ca- 
pacitors. Voltage rating is shown in addition to capacity 
and tolerance. 
e 
of +10 per cent the multiplying factor is 10°? or 1.2 
approximately ; and for tolerance of +5 per cent the 
factor is 10°** or 1.1 approximately. 

These figures not only give a logical series of progres- 
sion but inherently avoid overlapping of values in each 
tolerance range. On the other hand, there are no voids 
in the tables and it becomes possible to make use of 100 
per cent of production by a process of capacitance 
measurement and selection in any tolerance range. For 
example 1.5 plus 20 per cent is 1.8, and 2.2 minus 20 
per cent also equals 1.8. Similar relationships exist in 
the +10 per cent +5 per cent values. 


Color Coding for Capacity and Tolerance 


Color coding also has a background of history in radio 
resistors and RMA practice (RMA Standard Color 
Codes, GEN-101, July 1948). In applying the system 
to tubular capacitors a few modifications have been 
made based on Joint Army-Navy standards. Also, to 
avoid figures to the right of the decimal point, capaci- 
tance ratings have been converted from microfarads to 
micromicrofarads. This involves multiplying the catalog 
rating by 10°, and hence 0.001 mf becomes 1000 mmf, 
and 0.0047 mf equals 4700 mmf. The same color coding 
as in the RMA standard is used for significant figures in 
the rating and for the decimal multiplier (10’s) or num- 
ber of zeros following the capacity figure. In the exam- 
ple cited this would be two zeros, or red in the color code. 

The only variation is in the coding for tolerance 
values. GEN-101 provides gold, silver and no color 
respectively for tolerances of 5, 10 and 20 per cent. The 
Sprague system uses green, white and black for cor- 
responding ranges, following JAN C-91 specifications 
in adopting white for +10 and black for +20 per cent. 
In addition, Sprague includes two non-standard toler- 
ance ranges of +30 and +40 per cent. These are coded 
orange and yellow respectively corresponding to the 
significant figures 3 and 4. 

Complete color code marking of tubular capacitors is 
illustrated. Nominal capacitance value in micromicro- 
farads is identified by the first three color bands. The 
first two give the significant figures and the third, the 
number of zeros that follow (after making the conver- 
sion from the catalog microfarad values). The fourth 
color band identifies the capacity tolerance. A blank is 
reserved for an Armed Forces (JAN) characteristic. 
The last color band or bands identifies the significant 

(Continued on page 194) 
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Three METALLIZING techniques 


for Component Design 


J. C. LEBENS 


Electrical Engineer 


PECIALIZED techniques such as printed circuits, 
hermetic sealing, and electroforming may require 
experts for the production of components of supe- 

rior quality and with the most economy. But each method 
represents such a radical departure from accepted ideas 
of wiring, soldering, and metal working that often it is 
necessary for the product designer to experiment with 
the techniques himself to appreciate their advantages 
and limitations before he can adequately present his 
problem to the experts. This discussion is aimed at pro- 
viding sufficient information to make possible such ex- 
ploratory experiments on a sound basis. 

As a historical note, it may be mentioned that the 
techniques are not essentially new so far as laboratory 
experiments are concerned, but adaptability to mass 
production is a recent achievement. Miniaturization as a 
whole (including printed circuits) stems from the radio 
proximity fuse developed in 1945. 

Printed Circuits. The commercial feasibility of printed 
electrical circuits is by now rather well established. This 
is reflected in the electronic components illustrated in 
Fig. 1. By means of such components the overall size and, 
in many cases, the cost of hearing aids, radio receivers, 
business machines, recording instruments, uhf equip- 
ment, and similar devices and equipment can be reduced. 
In fact the miniaturization program has been powerfully 


Fig. 2—Printed circuits are utilized in the five types of 
subminiature 132-144-mc radio transmitters shown on top. 
Oscillator circuits of units A and B are printed on surface 
of steatite housing of the tubes. Circuit of unit C is 
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spurred by the printed circuit art. (See Figs. 2, 3 and 
4.) Further progress now waits for the development of 
suitably matching subminiature microphones, trans- 
formers, speakers, tubes, and batteries in commercial 
ranges. These are the components that still remain as 
the limiting factors on the reduction of size in many elec- 
tronic devices. Yet it should be noted that amazing 
progress has already been made in the development of 
such components, particularly in the subminiature tubes 
and sockets (1),1 but further reduction in size and 
weight is necessary if “thimble-size” radios and hearing 
aids are to become a commercial reality. 

Even though printed circuits have by now established 
their worth, divergent opinions on their value still exist, 
due perhaps to insufficient knowledge on the part of the 
product designer. For example, printed circuits have 
been condemned because of lack of flexibility in the wir- 
ing design. But actually they enhance flexibility. They 
permit the translation of a wiring diagram from paper 
to the actual circuit on an insulator so that a small pilot 
run can be made without upsetting the production line. 
Rather than limiting flexibility in design, the fact that 
the wiring is completed in one operation simplifies tran- 
sition from one model to the next. 


1 The italic numerals in parentheses apply to references listed at the end 
of the article. 


painted on glass envelope of tube; so is the circuit on 
the next unit, D. Circuit of transmitter E is painted on 
the steatite plate shown. Fig. 3—This shows three de- 
velopmental stages of steatite plate transmitter. Note 
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Printed circuits, hermetic sealing, and elec- 
troforming of precision parts are three rela- 
tively new techniques now coming into prac- 
tical mass-production focus. They constitute 
a logical unity for discussion since they in- 
volve a common principle: Metallizing a non- 
conductive surface to make it electrically con- 
ductive. There is also a further logic in draw- 


As a descriptive term “printed circuits” may be some- 
what of a misnomer because a circuit is considered 
“printed” if it is produced on an insulated surface by 
any process not employing wires. Known methods total 
at least twenty-six, but these can be grouped into six 
classes: Painting, spraying, chemical deposition, vacuum 
processes, dusting, and die-stamping. 

Basically, “painted” printed conductive circuits are 
produced by (a) defining the circuit design in conduc- 
tive paint on an insulator by means of brushing, stencils, 
printing or other methods; (b) affixing the paint by 
heat, limited by the temperature which the insulator can 
withstand ; and (c) if additional conductivity is required, 
by electroplating on the paint. 

Silver has been found to be the most satisfactory con- 
ducting substance for printed circuit paints. It also 
serves as the pigment. The silver is in the form of pow- 
dered silver, silver oxide, silver nitrate, or organic com- 
pounds of silver. A binder is incorporated to hold the 
pigment particles together and bind them to the plate 
surface, and a solvent is added to adjust the viscosity. 
In the firing process on ceramics or glass, the silver salt 
is reduced to pure silver. Paints used on plastics contain 
a reducing agent instead of a solvent to enable conver- 
sion of the salts to silver at the lower temperatures. 

In applications to ceramics, if the surface of the 





three silvered spiral inductors and the ceramic capacitor 
in transmitter A. Reverse side B shows silver wiring, three 
(black) resistors, and four circular ceramic capacitors. 
Completed unit is shown in C with tube soldered in place. 
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ing them within one discussion: Although 
each technique has been developed independ- 
ently to meet special requirements for cer- 
tain products, all three are joined in the pur- 
pose of devising components and subassem- 
blies characterized by elements of precision, 
intricate detail or miniaturization. Here are 


advantages and limitations of these methods. 





HEARING 
AID 


TRANCIEVER 





SIGNAL TRACER 
Fig. 1—A Centralab miniature three-stage amplifier 


(Ampec) is the basic printed-circuit element in each 
of these four end-product examples of miniaturization. 
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ceramic is made free of dirt, dust, and grease, bonding 
strengths as high as 3000 psi are developed. Paints 
applied to plastics do not adhere as well since the latter 
cannot be heated to as high temperatures as the ceramics, 
but satisfactory adhesive strengths can be obtained with 
suitable binders. (Manufacturers of conductive paints 
furnish complete information on their preparations and 
compliance with their instructions should help in attain- 
ing desired results. Fortunately the product designer 
need not worry with the formulation of the paint because 
by now one manufacturer alone has available twenty-two 
kinds of conductive paints classified in two types for 
ceramics or plastics. )* 

It is considered good practice in the printing of elec- 
trical circuits to print a layer approximately 0.0005 in. 
thick. If greater conductivity is required, copper is elec- 
troplated on the silver. Best results are obtained by 
plating the initial layer at a low current density. Often 
a layer of silver is plated over the copper to facilitate 
soldering. When mechanical strength is required exter- 
nal leads and circuit components are soldered to eyelets 
set in the plate before printing. 

Where close electrical tolerances are not specified the 
conductor paints can be applied with a camel hair brush 
in smooth, even strokes. Air bubbles or films between 
the insulator and the paint should be avoided so that 
blisters or cracks in the paint do not develop. Usually 
a satisfactory sample can be obtained with only a reason- 
able amount of care. 

Resistors. These are produced by the use of carbon- 
base paints. Formulation is more difficult than with the 
silver paints ; applications require more critical control. 
Even though a great amount of work has been done on 
this phase of the printed circuit technique, still more is 


needed to master the problem. The resistor paints have 


a pigment of carbon black, colloidal or flake graphite and 
a binder and solvent like the conductor paints. They do 
not require a reducing agent, but do need a filler of pow- 
dered mica, mineralite, or asbestos dust to increase the 





2 As of recent date, the National Bureau of Standards lists three manu- 
facturers of conductor paints: E. I. du Pont de Nemours & Co., Inc., 
Wilmington, Del.; Metaplast Co., New York; and Sauereisen Cemenis 
Co., Pittsburgh, Pa. Others have announced interest in entering this field. 








Fig. 4—A two-tube battery-powered wrist transmitter, for 
personal use, in which printed circuits play basic design 
role. The transmitter employs a grid-modulated oscillator 
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Fig. 5—Phenolic sheet printed with five independent 


resistance lines. This illustrates how mass-production 
techniques can be applied to provide simultaneously sev- 


eral resistors of differing values on a common base. 


electrical resistance by separating the particles of pig- 
ment. A lacquer coating is applied for protection against 
abrasion and atmospheric conditions. 

By varying the proportions of the pigment and the 
filler, carbon resistors 0.10 in. wide, 0.40 in. long and 
0.003 in. thick can be made from 1000 ohms to 10 meg- 
ohms. However, the production of resistors of uniform 
quality is still an uncertain art and acceptable results can 
be expected only after careful practice. No single formula 
can be used to print resistors over any wide range of 





printed on a steatite cylinder which houses a subminiature 
triode. 


acrylic case measuring 24% x 2% x % in. 


Complete unit is housed within a transparent 
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Fig. 6—An entire resistor system and interconnections 
can be printed and punched from a resistor strip as 


shown here. The resistance film can be printed to- 
gether with the silver conducting terminations. 


resistances, may from 1 ohm to several hundred meg- 
ohms. Variations in formulae, number of applications, 
and in dimension of applied elements are necessary to 
attain desired values. (See Figs. 5, 6, and 7). 

Silk-Screen Process. This is the most convenient 
means of reproducing the circuit pattern. (Fine-mesh 
metal screens also have been used.) The silk screen is 
stretched on a wooden frame (see Fig. 8) coated with a 
thin film of gelatin and photosensitized with potassium 
dichromate. A photographic positive of the circuit pat- 
terns is held tightly against the screen and exposed to 
ultraviolet light. Those parts not exposed to the light are 
water soluble and are washed out in cold water leaving 
the pattern to be printed. As shown in Fig. 9, the actual 
printing is accomplished by forcing the silver paint 
through the open mesh of the screen with a neoprene or 
Buna-N rubber squeegee. If the paint is of the right 
consistency a perfect reproduction of the circuit without 
mesh marks results. The screen can be cleaned ‘with 
proprietary solvents applied carefully with a soft cloth 
so as not to rub off the stencil. 

Even though the silk screen process is the most com- 
mon method of applying the paint, other methods such as 
ordinary printing, engraving, and lithographing have 
been used successfully. Even a rubber stamp bearing the 
circuit pattern and a pad saturated with conducting paint 
has been used to stamp the circuit on an insulator. 

Spraying Process. In this process, molten metal or 
paint is sprayed on the surface of the insulator, the pat- 
tern being formed by a stencil or other masking device. 
In one method the surface of the insulator is sand-blasted 
through a stencil to form grooves in the wiring pattern. 
Component parts such as capacitors are then mounted 
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Fig. 7—Roll of resistance film from which resistors are 
punched in a die to meet mechanical and electrical re- 


quirements. (Figs. 2 through 7, inclusive, are repro- 
duced by courtesy of National Bureau of Standards.) 


on the insulator with their terminals or terminal leads in 
the grooves. Molten silver or copper, sprayed through a 
suitable stencil, fills the grooves and adheres to the 
terminals of these components, thereby eliminating both 
wiring and soldering. (2) 

Grooves can be molded integrally into a plastics plate 
instead of being sand-blasted. This method will increase 
the production rate although increasing the tool costs. 
It has been adopted in England to automatically produce 
panels for small radio sets. The plastics plate, with the 
molded-in indentations for the wiring, capacitors, induc- 
tors, and with mountings for the other components, is 
fed into a machine which sand-blasts the plate, sprays the 
whole surface with zinc, mills off the metal from the high 
spots where it is not wanted, tests the circuit, sprays on 
graphite resistors through a stencil, inserts tube sockets 
and other small parts, tests the unit again, and applies a 
protective coating over the panel. This machine pro- 
duces 7-in. panels at the rate of 180 per hr. (3) 

Obviously there are numerous methods by which 
metal can be sprayed to produce the desired pattern, 
some relatively simple and some as complicated as the 
English system. Many have been tried with limited suc- 
cess ; others still are lying dormant until needed for some 
unique application. 

Chemical Deposition. Although the production of 
painted circuits, as already described, involves certain 
chemical changes, the term “chemical deposition” is re- 
stricted to printed circuits made by the more complicated 
chemical reaction. These methods are of the general type 
employed in the production of mirrors and call for care- 
ful handling. The silvering process probably has been 
tried by any engineer who has considered printed cir- 
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SCREEN FRAME SENSITIZING 


EXPOSING 


WASHING 


Fig. 8—Preparation of silk screen for printing Centralab’s printed-circuit units using a photosensitized gelatine film. 


cuits, and the difficulty of controlling the mechanics of 
the process has done much to sour him on the whole idea. 

A silvering solution of silver nitrate and ammonia is 
mixed with a reducing solution and the circuit design is 
applied to the insulator by means of a stencil. Metallic 
silver precipitates from the solution to form the pattern 
in the form of thin metallic films. However, the film 
formed is extremely thin ; the bond between the film and 
the surface is purely mechanical ; and the film cannot be 
soldered to directly. The thickness of the film can be 
built up by repetition of the process and, for high con- 
ductivity, by electroplating. But at best the process is 
tricky, the solutions have a limited life, and the stencil 
must be handled carefully if a clean deposit without fuzzy 
edges is to be obtained. 

Vacuum Process. Metal deposition in a vacuum either 
by cathode sputtering or evaporation is not new. Prob- 
ably cathode sputtering is the older process. In it the 
metal to be volatilized is made the cathode and the mate- 


rial to be coated, the anode. A high voltage is applied 
after evacuation. Various metals such as silver, copper, 
platinum, or gold can be deposited. The work-piece and 
the cathode should be as nearly parallel to each other as 
possible to obtain uniform deposition. Irregularly shaped 


objects will be coated with metal of non-uniform thick- 
ness. This is not too serious in circuit wiring but is a 
factor to be considered. 

At present, the evaporation process has gained favor 
because uniform films are obtained more readily and the 
process is less complex. No high voltage is used. The 
metal is heated in a vacuum, usually by means of a 
tungsten filament, until it vaporizes and is deposited on 
the work. (The evaporation process, by the way, is being 
used to deposit thin films of aluminum or zinc on im- 
pregnated paper,to produce miniature, self-healing, paper 
capacitors on a mass production scale.) (4) But both 
vacuum processes are probably too complicated for ex- 
perimentation by the average product designer not too 
familiar with the techniques. 

Dusting. This method for producing printed circuits 
differs from painting in that the conductive metal coating 
is dusted in powder form in a circuit pattern and held to 
the desired position mechanically or electrostatically, 
then fired. Ceramic parts, for example, have been metal- 
lized with tungsten or molybdenum powder held on the 
surface with a binder until firing. Plastics parts have 
been coated with a conducting film of metal powders to 
form a base for electroplating. 


Fig. 10—Example of die- 
stamped wiring techniques as 
used by Franklin Airloop 
Corp. Above, one side of a 
radio panel with strap con- 
ductors cut, punched and eye- 
letted and with tube and 
transformer sockets in place. 
Left, the same panel with 
components added. 
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“COUPLATE” CIRCUIT 
Fig. 9—Four steps in manufacturing the Couplate, a printed-circuit interstage coupling. 


SILVER SCREEN PATTERN 


Prime interest lies in the manner of holding the pow- 
der to the surface to form the desired wiring pattern. 
Ceramic parts can be fired after printing and in such 
applications suitable bonding agent can be used to hold 
the powder until it is fused in the material. Plastics parts, 
however, cannot withstand such high temperature, and 
therefore a bonding material has to be used that does not 
impair the conductivity of the powder. In either case 
the binder or the powder can be applied through a stencil. 
In the first method the circuit pattern is made with the 
binder so that the powder will adhere only to the surface 
where treated. In the latter method the whole surface is 
treated with the binder and the circuit pattern is con- 
trolled by the stencil through which the powder is 
sprinkled. 

Electrophotographic or electrostatic binding is prob- 
ably more interesting. The nonconducting surface of 
paper, plastic, or ceramic is first coated with a photocon- 
ductive material and then charged by an electrostatic 
field. The characteristics of this material is such that the 
electrostatic charge is removed from that portion exposed 
to light. Hence exposure through a positive photograph 
of the circuit leaves only the circuit pattern charged. 
After exposure, powdered leaf silver mixed with a binder 
dusted onto the surface will adhere to the charged circuit 
pattern. The silver is melted into place with a flame 
to complete the wiring. 

Die Stamping. Anyone who has worried with common 
straps or jumpers on terminal blocks will appreciate the 
advantages of die stamping or punching connectors from 
sheet material. The conductors so made differ little 
from preformed wires and are handled the same in the 
final assembly. In the search for methods of reducing 
the size of electronic units the die-stamping technique 
was still further developed. (See Fig. 10.) Radio set 
manufacturers are making spiral loop antennas from 
copper or aluminum sheet a few thousandths of an inch 
thick. The sheet is coated on one side with a thermo- 
plastic cement. The metal and a plastics panel are fed 
into an automatic press which cuts the metal in a contin- 
uous spiral, forms the metal in a “V” cross-section to 
increase the spacing between adjacent turns, heats the 
thermoplastic cement, and applies pressure to affix the 
metal loop to the panel. The loop antenna is suited 
ideally for this technique but other circuit configurations 
can be produced in a similar manner. (5) 

A less complicated die can be used through the hot- 
stamping technique, such as employed in the marking of 
leather and plastics. Gold or silver foil is spread over 
the plastics base plate and a hot die engraved with the 
circuit pattern impresses the foil onto the plastics base 
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SILVER SCREENING 










COMPLETED “COUPLATE” 


thus producing the circuit design. The excess foil is then 
brushed away leaving the desired pattern. Foil as thick 
as 0.002 in. can be used so that sufficient electrical con- 
ductivity is obtained. 

Techniques falling in the general categories of spray- 
ing, chemical deposition, vacuum techniques, dusting, 
and die stamping illustrate the variety of methods avail- 
able for attacking the problem of mass production wiring 
in a limited space, in addition to the “painted” circuit 
technique first described. Each has its advantages and 
limitations. But either extensive knowledge, experience, 
or tooling is required for each of the first five methods. 
This has prevented these techniques from having broad 
application and has made it difficult to prepare hand sam- 
ples to evaluate the process. For this reason the painting 
or stencilling of printed circuits has gained the broader 
acceptance in the United States and this method pro- 
vides a good starting point for the electrical product de- 
signer studying the possibilities of any of the techniques 
for his application. Once other processes have proved 
acceptable and more extensive tooling is justified, the 
advantages of the alternatives can be appraised and the 
ideal technique selected. 

Solder Sealing. Solder- or brazed-sealing, like printed 
circuits, was a wartime development to meet the needs 
for environmental protection of delicate electrical compo- 
nents and to reduce the length of the circuit inside high- 
frequency electron tubes. 

Printed circuit techniques are free of serious -éeehiiies 
caused by the difference in the coefficient of expansion 
of the metal forming the circuit pattern and the insulator 
on which it is affixed. Over the normal operating range 
the dimensional change is slight so that the forces set up 
by differences in expansion and contraction are not suff- 
cient to produce objectionable distortion. However, to 
maintain a satisfactory solder seal between a metal and 
an insulator the difference in the coefficient of expansion 
becomes a serious problem. The materials must be 
matched carefully to produce a leak-free joint. 

Sealing metal to glass is difficult because the glass 
must be melted to effect wetting. It is virtually impos- 
sible to melt glass without producing a dimensional 
change. In the manufacture of high-frequency tubes 
particularly, a small dimensional change can affect tube 
characteristics. Moreover, the glass seal depends upon 
an oxide layer and the removal of the excess oxides is a 
difficult manufacturing problem. (6, 7) 

Ceramics have been bonded to metals by first coating 
the ceramic with gold, silver, or platinum paint combined 


(Continued on page 196) 
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fp enrol TRENDS AND'1 


Vibrated Electrode Holder 


How a special welding tool was designed to 
produce a low cost safety tread on steel. 


Cc. K. WILSON 
Design Engineer 
Metallizing Engineering Co., Inc. 


Welding a bead in a criss-cross pattern on steel plates 
provides an effective safety tread on smooth steel sur- 
faces. But ordinary welding equipment is slow and in- 
convenient to use and uniform effects are difficult to 
produce. It was found that a desirable tread could be 
applied by intermittently striking and breaking a short 
welding arc using a suitable electrode material. Such 
a bead, shown in Fig. 1, is porous, froth-like in appear- 
ance, about 44 in. high and wear resistant. But to apply 
such a bead economically some method of power vibra- 
tion was needed for the electrode holder. 

Experiments showed that a satisfactory design of 
vibrating electrode holder should meet the following 
requirements : 

1. Move the electrode axially, at a rate of 3000 to 

4000 pulses per min. 

2. Handle 50 to 150 amperes welding current and 

operate equally well with either a-c or d-c welders. 

3. Safe and reliable for unskilled operators. 

4. Lightweight and easy to handle. 

5. Good appearance design. 

To meet requirements for appearance, the tool should 
look at least vaguely familiar, avoid any impression of 
danger or mystery, yet give an impression of newness 
to promote its association with a new process. It should 
look simple, be easy to keep clean and should have the 
appearance of precision without fragility in order to 
forestall the rough treatment frequently given welding 
apparatus. 

For the problem of driving the electrode there were 
two general possibilities. The electrode could be moved 
back and forth the required amount independently of 
the body of the tool; or, since it was to be handheld, the 
entire tool could be reciprocated with the electrode firm- 
ly fastened to the tool. There was ample precedent for 
either method. Typical of the first is the pneumatic or 
electric riveting hammer, while the second type is used 
in the scalp vibrator. This second method was finally 
chosen for two reasons: (1) For the high optimum 
welding current of around 100 amp, it was desirable to 
avoid any sliding contacts on the electrode; and (2) 
bearings should be kept to a minimum because of the 
lubrication and friction problems. 

Wide swings in welding current as the arc is struck 
and broken, and the differing characteristics of the 
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various a-c and d-c welding machines commonly used, 
made it apparent that a separate power connection for 
the vibrator motor would be advisable. 

There were many possible means for producing the 
motion of the tool. Small motors with eccentric fly- 
wheels, solenoids, crosshead reciprocators and many 
other motor elements were considered. The method 
finally chosen, however, consists of a vibrating reed 
having a relatively large mass at its free end. The vibra- 
tion of this mass produces the required motion of the 
tool by reaction. Furthermore, it was found that by 
designing this reed and mass to have a natural fre- 
quency of 55 cycles, it could be made to operate equally 
well on 25, 50 or 60 cycles. 

The reed is driven by an electro-magnet delivering 
magnetic pulses at twice the source frequency. With 
proper damping in the reed vibrating system, it was 
found possible to cause the reed to vibrate at one-half 
synchronous speed for 60 and 50 cycles and synchronous- 
ly with 25 cycles. The advantages of this construction, 
which is shown in Fig. 2, are that the motor has no 
bearings at all and no make and break contacts or com- 
mutator. Its speed varies only between 3000 and 3600 
pulses per min when operated on power frequencies as 
different as 25 and 60 cycles. 

Complete safety to the operator was achieved by hous- 
ing the motor mechanism in a heavy metal case which 
is grounded through a separate conductor in the attach- 
ment cord. Welding current is carried to the tool by a 
separate, insulated, welding type cable connected direct- 
ly to the portion of the tool which holds the electrode, 
which: is again thoroughly insulated from the metal 


Fig. 1—Held and pointed like a pistol, vibrating weld- 
ing tool deposits a hard, wear resistant bead. Welding 
rod entering tool is insulated with plastic coating. 
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housing of the tool. The lug at the end of the welding 
cable is covered by an insulating sleeve, and clamped 
between two heavy fibre guard washers which effectively 
prevent any accidental contact with live metal at this 
connection. 

Special electrodes used with this tool are % in. in 
diam, and for the sake of operating economy, are made 
about 30 in. long without any flux coating. Since all of 
the electrode is at welding voltage, the bare electrode 
would be a serious hazard. Satisfactory insulation of 
the electrode proved to be a difficult problem. The final 
solution was an electrode with an individual insulating 
coating which is arranged to strip off as the rod enters 
the tool. This coating is a thermoplastic material hot 
extruded on the electrode. The coating bonds only 
lightly to the electrode rod but adheres well. The coat- 
ing is perforated along its length with a series of small 
holes which close up almost completely after perforating, 
but produce a continuous weak line in the coating. 
When the electrode is fed into the tool, a hardened steel 
bushing in the electrode insulating member breaks the 
coating along the line of perforation and strips it off 
the electrode entering the tool. 

Housing for the tool is formed by two aluminum die 
casting halves which meet on an axial plane. The mech- 
anism is mounted on bosses and ribs cast in the left 
piece, while the other half serves as a cover. The elec- 
trode collet is made of electrical wrought bronze and is 
pressed into a heavy phenolic sleeve which, in turn, is 
pressed into a die cast aluminum nut, as seen in Fig. 3. 
The assembly is screwed directly onto the aluminum yoke 
which clamps the core of the electro-magnet and serves 
as the main mounting member. The collet is squeezed 
on the electrode by a threaded steel piece over which a 
heavy phenolic insulating tube is pressed. This provides 
an insulated hand hold for loosening the collet to advance 








Fig. 2—Driving motor is a vibrating armature, tuned to 
a frequency of 55 cycles, which by reaction reciprocates 
holder and welding rod and interrupts the arc. 
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NEW DEVELOPMENTS, IDEAS, AND 
INFORMATION SELECTED AND 
INTERPRETED FOR THE DESIGNER 
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Vibrated Electrode Holder 
Plastics in Signal Corps Equipment 
Automotive Armature Winder 
Life Test for Pyrometers 
Light Weight Headset 
Pre-Shipment Packaging Tests 
Photocell Scanning Unit 
Another New Record System 
Expanded Metal Resistors 
Stud Welding Cuts Costs 
Ball-Bearing Grease Tester 
Record Player Radio Unit 
Electronic Leak Detector 


Also other new ideas and 
developments of interest. 





the electrode. The lug on the welding cable is clamped 
directly to the bronze collet by a brass nut against a 
shoulder. Yoke holding the magnet core, coil and collet 
assembly is bolted directly to the mounting half of the 
case. The off-on switch for the motor is mounted on the 
left side of the case in the best position for thumb or 
index finger operation. Attachment cord and ground 
wire are clamped directly to the case. The electrode is 
insulated continuously as it passes through the mechan- 
ism of the tool by an assembly of a number of separate 
parts including the bushing for stripping the electrode 
coating. 

In operation, the armature swings toward and away 
from the pole faces of the core. Reaction to the motion 
of the armature is transmitted through the reed mount- 
ing to the body of the tool in which the electrode is 
clamped. This reactive force is great enough to cause 
the entire tool to move back and forth along the line of 
the electrode. Internal damping is such that the manner 
in which the tool is held does not greatly influence its 
motion. With the proper electrode material, there is no 
tendency for the arc to be maintained, so removing the 
electrode from the work effectively cuts off welding 
current. 

How well the appearance objectives were attained is, 
of course, a matter of opinion. In order to meet the ob- 
jective requiring familiarity, and since the tool is meant 
to be held in one hand and pointed at the work, its gen- 
eral outline and balance were made to simulate that of a 
pistol. Pointing the tool in the proper direction at the 
work seems to be almost completely automatic. 

Desired impression of newness has been achieved 
through the use of circular fins on the collet insulator 
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and corresponding grooves on both the handle and the 
knob of the insulating tube, all of which are faintly 
reminiscent of comic book atomic ray pistols. The ap- 
pearance of a modern design has also been sought in 
the smoothly rounded curves and blended surfaces. These 
same curves and blended surfaces have the very practical 
advantage of providing an exterior which is easily kept 
clean. To accent quality, all die castings are brightly 
polished. 

The number of parts requiring close tolerances was 
kept to a minimum. A die casting for the mounting 
member provides accurate location of all the parts; 
silicon aluminum was used for light weight, corrosion 
resistance, strength and dimensional stability. Reed and 
its backing leaves are made of high carbon spring steel 
with the thickness closely controlled to maintain proper 
tuning. The armature is designed so that manufacturing 
variations cause only slight change in mass. Good elec- 
trical contact between the collet and the electrode re- 
quires a tolerance of 0.001 in. on the bore of the collet. 
The diameter of the electrode is also held within close 
limits, and is copper plated for better contact. Collet 
assembly is designed to permit the use of standard 
tolerance bar sizes and still obtain reliable interference 
fits. 

Applications for this tool have been found to be wider 
than originally expected. A test application of the tread 
made on a subway car platform in service on the Times 
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Square shuttle in New York City has now withstood 
this traffic for several months. In addition to the usual 
floors and walk-ways, the process has found successful 
application on running boards and side steps of trucks, 
railroad cars and loading platforms. 

There is no problem in instructing operators in the 
use of the tool. It points naturally, is comfortable to 
hold and weighs only 234 lbs. The vibration provides an 
easy association with the working of the process, and 
the amplitude is such as to cause no undue muscular 
fatigue. The tip of the electrode is placed against the 
steel plate to be surfaced and the tool is drawn along as 
if a pencil line were being traced on the surface. The 
motion of the tool causes the electrode to bounce on the 
plate and as it is drawn along, it leaves a string-like bead 
of electrode material welded to the surface. The bead 
is best deposited at a rate of about five feet per minute 
and ten linear feet of bead is adequate to slip-proof one 
square foot of surface. An examination of the bead 
produced will show it to be quite porous and frothy in 
appearance, and to be file hard. Approximately 10 per 
cent of the electrode metal deposited will brush off 
easily and rapidly because of chill cracking as it is 
deposited, but the remainder must be worn off. The 
surface produced is not uncomfortable to walk on be- 
cause the bead is rarely more than 4¢ in. high, much 
too low to trip on, but it provides a surface upon which 
it is almost impossible to slip. ood 


Pre-Shipment Packaging Tests 


Recommendations made available by Porce- 
lain Enamel Institute apply to larger prod- 
ucts such as major electrical appliances. 


Procedures and equipment for carrying out pre-ship- 
ment tests of packaged porcelain enameled products, 
including electrical appliances, have been set up by the 
Technical Planning Division of the Packaging and Ship- 
ping Committee of the Porcelain Enamel Institute. These 
recommendations have been made available by the insti- 
tute, 1010 Vermont Avenue, N. W., Washington, D. C. 
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They should be of interest to product designers con- 
cerned also with the container design of their product 
(see “The Container, too, is an Integral Element in 
Product Design,” ELectricAL MANUFACTURING, Feb- 
ruary 1948, p. 86). So far, these recommendations apply 
to the larger products as it is in this category that major 
shipping losses have been encountered. Similar recom- 
mendations covering testing of smaller products will be 
formulated later as a second step of the project. 
Recommended tests as set up by the PEI are designed 
to determine the ability of packaged porcelain enameled 
products to withstand normal handling in transit. Two 
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Fig. 1—Impact shock test equipment for pretesting 
packaged porcelain enamel products. Shown here under 
test is a crated electric range. 


different tests are provided in these recommendations. 

1. Impact or Longitudinal Shock Test. Principal ap- 
paratus for this test consists of a two-rail steel track in- 
clined 10 deg from the horizontal, a rolling carriage or 
dolly, and a rigid wooden bumper. (See Fig. 1.) By 
means of a cable or winch, the dolly is brought to a 
predetermined position on the inclined track, the pack- 
aged product to be tested is placed upon it, and the dolly 
is released, bringing its loads into direct impact with the 
solidly constructed wooden bumper at the bottom of the 
incline. This procedure is repeated so that each face and 
the bottom of the packaged product are subjected to 
impact. 

2. Vibration or Vertical Shock Test. Equipment 
comprises a table of suitable size and weight-carrying 


Life Test for 


Test stand automatically applies alternate hot 
and cold cycles to pyrometer instruments to 
evaluate service life. 


J. T. CATALDO 
Electrical Engineer, Material Laboratory 
New York Naval Shipyard 


One of the requirements of Navy Department Specifi- 
cation 17-I-23 for Temperature-Indicating Systems re- 
quires that, “The Temperature-indicating system shall 
be subjected to a life test of 1500 cycles, each cycle to 
consist of one-half hour cooling and one-half hour 
heating at maximum rated temperature of the sys- 
tem.” Two types of temperature-indicating systems 
are covered by the specification: thermocouple pyrom- 
eters and resistance thermometers. A thermocouple 
pyrometer, as defined by the specification, consists of 
four parts: 

1. Thermocouple unit which consists of two different 
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Fig. 2—Vibration test equipment for pre-shipment test. 


capacity, supported on eccentrics or cranks driven by 
shafts so as to give the table a circular, harmonic, vibra- 
tory motion in a vertical plane. (See Fig. 2.) Variable 
speed operation is provided so that vibration frequencies 
can be reproduced in the range normally met in trans- 
portation. Suitable elements are incorporated in the 
machine to simulate actual transportation conditions. 
Specifications state that after this test, as after the 
impact test, all porcelain enameled parts and all appur- 
tenances on the product must be free from damage of 
any kind, and the container must be in a condition to 
afford reasonable future protection. oa0g 


Pyrometers 


metals or alloys having a fused junction (the 
thermal element) enclosed in a protective steel 
alloy tubing. 

2. Two lead wires or a two-conductor cable composed 
of the same metals or alloys as the thermal element, 
connected from the terminals of the thermocouple 
to a selector switch. 

3. Selector switch, usually a multi-point rotary switch, 
which is connected to the indicator. 

4. Indicator, usually a millivoltmeter calibrated in 
terms of temperature, with a maximum range of 
1000 to 1400 F. 

Resistance thermometers as usually supplied consist 

of five parts: 

1. The resistance bulb which is a coil of wire (thermal 
element) whose resistance varies with tempera- 
ture. The thermal element is usually enclosed in 
an alloy steel tubing. 

2. Copper lead wires or a cable (two to four conduc- 
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Fig. 1—Test panel with eight stations for thermocouple 

or resistance bulb life tests. Units to be tested are in- 

serted in ovens on top of each panel and subjected to 
alternate 30 min heating and cooling cycles. 


tor) connected from the terminals of the resistance 
bulb to the network. 

3. Network in some form of a bridge circuit with 
the thermal element as one leg of the bridge. The 
network is invariably enclosed within the indicator 
housing. 

4. Direct current power source. This may be ob- 
tained from a battery, through a ballast resistor 
from a direct current line, or by rectification from 
an alternating current line. 

5. Indicator which is either a ratio meter or a micro- 
ammeter calibrated in terms of temperature. The 
usual maximum temperature is 200-400 F. 

Life expectancy of thermal elements has not been 
determined at present, as there is no method or means of 
correlating a laboratory life test data with actual length 
of service of the temperature-indicating system aboard 
ship. In view of this, the test described here is essen- 
tially an accelerated life test, and is not intended to 
simulate actual service conditions. However, the test 
does obtain comparative data relative to the service- 
ability of the temperature-indicating systems submitted 
by various manufacturers. 

Repeated cycling on the life test apparatus stresses the 





Fig. 3—Oven is heated by coiled resistance element. 
Steel sleeve (not shown) filled with insulation encloses 
and protects the heating element. 
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Fig. 2—External timing circuit alternately connects 
ovens to line, and then opens oven circuits and turns 


on cooling air. Each oven temperature is individually 


adjusted by a variable ratio transformer. 


temperature-indicating system as a unit resulting in 
failure of weak and inferior components or change in 
calibration. Although the temperature-indicating system 
is subjected to life test as a unit, the important com- 
ponent parts especially stressed are: 

Control springs of the indicator. 

Jewels and pivots in the indicator. 

Protective tubing of thermocouple and resistance bulb 
assembly and the thermal elements. 

Repeated heating and cooling of thermal elements on 
life tests results in oxidation and scaling of the protec- 
tive tubing, reducing the thickness of the wall of the 
protective tubing. Often unsuitable tubing and the 
thermocouple or resistance element may be attached by 
vapors and oxidation enough to affect the calibration. 
If the thermal element is not properly or sufficiently 
annealed, high temperatures will also affect its calibra- 
tion. Life tests also check the stability of the insulating 
material in the resistance bulb. 

Life test apparatus, as illustrated in Fig. 1, consists 
of a hardwood table on which are mounted a control 
panel and eight vertical test panels connected as shown 
in the wiring diagram, Fig. 2. Each test panel has an 
ammeter (at left) indicating current in the oven heater 
for that panel. Ovens for cycling the thermal element 
are mounted on top the test panel, and the indicator is 
mounted on the panel at right. Variable ratio trans- 
formers on the front of the test table adjust heater cur- 
rent to obtain desired temperature in the oven. Each 
panel also has an air supply line controlled by a solenoid 
valve and a hand valve on the panel. Compressed air is 
admitted at timed intervals to each oven to cool it down 
between successive hot runs. A pilot light on each panel 
shows when power is connected to each oven. 

Each electric oven consists of coiled resistance wire 
wound on the outside surface of a ceramic tube as 
shown in Fig. 3. The resistance wire is coiled on a % 
in. arbor and stretched to twice the close coiled length 
before it is wound on the ceramic tube. The tube is 
enclosed in a short section of steel pipe with an asbestos 
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filler, or refractory cement covering the wire. Terminals 
are brought out to the end plates which consist of 4 in. 
transite discs machined to fit the inside diameter of the 
steel pipe and the outside diameter of the ceramic tub- 
ing. A mounting fixture to support the thermal element 
in the center of the oven opening is provided for each 
oven, 

Behind the central control panel on the test stand are 
two relays energized by a timer. When the timer closes, 
one relay connects power circuits to the ovens and the 
other relay de-energizes the solenoid valve which shuts 
off the air supply. The ovens then heat up to preset 
temperature. 

After this condition has been maintained for 30 min, 
the timer opens, operating a counter. Current is cut off 
and air flows into the furnaces to cool them to room 
temperature. After 30 min cooling, the timer starts the 
heating cycle again. 

Although this apparatus does not provide conclusive 
data on the life expectancy of temperature indicating 
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systems covered by the subject specification, the ac- 
celerated life cycle provides comparative data for dif- 
ferent temperature indicating systems regarding their 
expected serviceability aboard ship. In the event of 
failure of the system on the life cycle due to control 
springs, jewels, pivots, thermal element or protective 
tube, these failures may be corrected. The test offers a 
satisfactory means of performing the required life test 
on the various types of temperature indicating systems 
that are currently being produced. The apparatus oc- 
cupies only about 27 sq ft of floor space and is capable 
of accommodating eight units which require only a 
matter of minutes to assemble and set-up. Moreover, 
the use of this apparatus releases numerous portable 
instruments for other investigation work and requires 
very little attention. 

The opinions or assertions contained herein are the 
private ones of the author and are not to be construed 
as Official or reflecting the views of the Navy Depart- 
ment or the Naval service at large. oodg 


Plastics in Signal Corps Equipment 


An analysis of the overall problems faced by 
designers of plastics parts for Signal Corps 
equipment; with some special cases cited. 


EMILE McK. BEEKMAN 
Chemical Engineer 
Signal Corps Engineering Laboratories 


Before going into the subject of specific Signal Corps 
applications, it might be well to review some of the gen- 
eral requirements of military equipment, which are more 
severe than those of average domestic household or in- 
dustrial applications for the following reasons: 

1. Military equipment must be operable under a range 
of climatic conditions which seldom have to be 
considered when designing components and equip- 
ment for domestic use. 

. Military equipment must withstand storage for 
long period of time under conditions which often 
are far from ideal and must operate satisfactorily 
when taken out of storage. 

. Even under temperate climatic conditions, military 
equipment is subjected to greater physical abuse 
than would be expected of equipment in domestic 
use. 

. The general tendency toward compactness and in- 
creased speed of operation imposes heat dissipation 
problems. 

Let us consider in greater detail these four sources of 
trouble: 

Climatic Effects. During the last period of armed 
conflict, so many failures in equipment were attributed 
to natural conditions common to tropical climates that 
studies of the degradation of materials were concentrated 
largely on the effects of moisture and of fungi. The 
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effects of moisture on plastics are fairly well known and 
are measurable in terms of total absorption, moisture 
vapor diffusion constant, changes in dimension and in 
the decay of electrical property values. The effects of 
fungus attack are not measured so easily, and, except in 
a few outstanding instances, cannot be conclusively 
demonstrated. 

There have been two fairly recent developments in 
connection with the problem of fungus resistance which 
tend to complicate the picture. One is the discovery of 
the existence of subvisual fungus growth and the other 
is the discovery of the existence of types of fungi which 
thrive under arctic conditions. The difficulties implied in 
these disclosures are not hard to imagine. There is the 
problem of detecting the subvisual and the problem of 
developing suitable fungicides for the arctic types. 

Since the end of the war, military leaders have decided 
to extend the operating range of military equipment to 
subzero temperatures (—55 C). Therefore, intensive 
research and development programs are now in progress 
to improve the low temperature characteristics of all 
materials, including synthetic resins and plastics. 

Materials and equipment supplier’s representatives 
often ask why it is necessary to assure the operation of 
equipment at —55 C when, in their opinion, the operat- 
ing efficiency of personnel would be reduced to the non- 
operating level at that temperature. The matter of main- 
taining the operating efficiency of personnel is the prob- 
lem of the Army Medical Department and of the Quar- 
termaster Corps. It is not hard to believe that studies in 
nutrition, clothing, housing, etc., are well advanced 
toward increasing the operating efficiency of personnel 
in the arctics. 

Storage. The problem of storage of materials and 
equipment is, of course, directly related to the problem 
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of climatic susceptibility. Since military equipment often 
must be stored under non-ideal conditions for long 
periods of time, the tendency of wide variations in tem- 
perature and humidity to induce and accelerate the de- 


gradation of synthetic resins and plastics is a matter of 


primary concern. 

Long exposure to moderately high temperatures 
causes softening and distortion of many types of plastic 
materials ; others are embrittled through oxidation, loss 
of plasticizer or migration of plasticizer from one sub- 
stance to another. Long exposure to high humidities tend 
to produce warping, dimensional changes and loss of 
electrical insulating efficiency. Exposure to both these 
factors promotes the growth of fungi, and introduces the 
problem of the corrosiveness of synthetic resins in con- 
tact with metals. Exposure to subzero temperatures tend 
to cause embrittlement and loss of mechanical strength. 
Differential thermal coefficient of expansion is the big 
problem when synthetic resins in intimate contact with 
other materials are subjected to wide variations in tem- 
perature. 

Physical Abuse. Everyone is familiar with the fact 
that military equipment is parachuted from airplanes, 
thrown into shallow water (fresh and salt) to effect a 
landing, transported in trucks and jeeps over the rough- 
est terrain, etc. In common with other materials used, 
synthetic resins and plastics must be capable of handling 
sizable overloads. 

Operating Temperatures. The general tendency to- 
wards greater compactness and increased speed of oper- 
ation of military equipment imposes heat dissipation 
problems. These are especially difficult where synthetic 
resins and plastics are used because of their thermal 
insulating characteristics. It is known that “‘hotspot’’ 
temperatures in the region of 250 C exist in some elec- 
tronic devices. On the other hand, when the equipment 
is idle, the other extreme of O—55 C can be anticipated. 
General Signal Corps Requirements. The Signa! 
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Corps is interested in the application of synthetic resins 
and plastics to electrical and electronic devices, and, for 
that reason, uses these materials primarily as electrical 
insulation. The electrical insulating characteristics of a 
material used for a particular application are dictated by 
the specific needs of the application. In any case, the 
surest criterion of suitability is the ability of the insula- 
tion to maintain its original electrical characteristics 
over a wide range of adverse climatic conditions. 

Some specific Signal Corps applications (unclassified) 
can now be discussed. 

Alkaline Cell Container. .\ material is needed for the 
construction of a very small electrolytic cell containing a 
40 per cent solution of KOH. Polystyrene and a metha- 
crylate copolymer of styrene have been tried but show 
evidence of crazing soon after being molded. In addition, 
the copolymer types are partially decomposed by the 
alkali. Polyethylene was disqualified as being insuffi- 
ciently rigid and polytetrafluoroethylene was disqualified 
because of its lack of adhesiveness and high cost. 

As it is known that polyamide has been used success- 
fully for alkaline cells, it was tried for this particular 
application. However, the specific formulation of poly- 
amide available to the Signal Corps Engineering Labo- 
ratories at the time the experimental models were made, 
flowed or deformed under the 20,000 psi applied in filling 
the cells with electrolyte. This permitted seepage of the 
electrolyte between the metal can and the plastic coating. 
Other, more rigid formulations of polyamide will be tried. 

It has been suggested that an adhesive be used to bond 
the plastic coating to the cans. This, however, presents 
several difficulties. A suitable adhesive must not only 
have an affinity for both the metal and plastic but must be 
impervious to 40 per cent alkali. Furthermore it must 
resist temperature changes for long periods of time with- 
out cracking in order not to defeat the purpose for which 
it is intended. Differential thermal coefficient of expan- 
sion is important since the area of the contacting sur- 
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faces, plastic and metal, is large. It is estimated the pro- 
curement of a satisfactory cell will be in millions of units. 


Encapsulating Compounds. Materials are needed for 
encapsulating, casting or potting of electrical and elec- 
tronic components and unitized, miniaturized circuits. 
Any compounds used for these purposes must have all 
of the following characteristics : 

1. Low volume shrinkage during polymerization. No 

after-shrinkage. 

. Low thermal coefficient of expansion. 

. Low moisture absorption. 

. Good adhesion to metals, 
plastics. 

5. Noncorrosive to metals. 

. High degree of chemical and electrical resistivity 
and of physical stability over a wide range of tem- 
perature and humidity conditions. 

. Capable of being poured easily at room temperature 
or at a maximum temperature of 150 C prior to 
complete polymerization. 

These additional characteristics are also desirable, but 
not all of them are required in any one substance: High 
dielectric strength, low dielectric constant up to 200 mc, 
low dissipation factor up to 200 mc, and transparency. 
The above properties are desired to assure the mainte- 
nance of the electrical characteristics of encapsulated 
unitized circuits and components. Heat dissipation is 
one of the problems associated with the use of resins in 
this type of application. 

Printed Circuits. Problems involved in the application 
of plastics to printed circuits are closely allied to those 
concerning encapsulating materials. It is anticipated that 
printed circuits will be encapsulated in order to provide 
moisture and corrosion resistance. 

One of the most promising methods of printing cir- 
cuits is that of using hot-sprayed metals through a sten- 
cil. Through the use of this method it is possible to real- 
ize the main purpose of employing printed circuits, 
namely, accuracy, compactness and speed of assembly. 
It is important that the base material have good electrical 
characteristits and that it have good overall heat resis- 
tance in spite of the fact that it must soften momentarily 


ceramics and other 


on the surface in order to provide a strong bond for the 
sprayed metal. One of the silicone laminates seems 
worth investigating further. 

Wire and Cable. Materials are needed for the im- 
provement of r-f cable jacketing. Primary require- 
ments are that it be abrasion resistant, low temperature 
resistant and non-contaminating with respect to the pri- 
mary insulation. Development work now in progress has 
resulted in improving the low temperature resistance by 
approximately 25 C. This work is continuing under a 
contract with the Federal Telecommunications Labo- 
ratories. 

Packaging. Problems in packaging are, of course, very 
closely related to the general problem of storage. Here 
is one of many interesting problems involving packaging 
of Signal Corps equipment : 

This problem involves a certain type of telephone re- 
ceiver. This piece of equipment had been packaged and 
stored under conditions which, at first sight, would seem 
to be ideal. It was packaged in a moisture-proof box 
containing a bag of silica gel. However, reports on sam- 
ples representing thousands of units indicated that the 
critical distance between the magnetic diaphragm and 
the magnet had been reduced. In fact, the diaphragm 
was found to be in contact with the magnet when the 
samples were examined by our engineers. The samples 
were put through a standard humidity cycle and it was 
found that the distance between the diaphragm and the 
magnet was greatly increased. The answer rested in the 
fact that the frame which held both the magnet and the 
diaphragm was made of moisture-sensitive phenolic 
molding material. In the presence of silica gel, it lost 
moisture, shrank, and pushed the magnet against the 
diaphragm. In the presence of moisture it expanded and 
pulled the magnet away from the diaphragm. In neither 
instance was the diaphragm warped. o00 
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Stad Welding Cuts Costs 


Three examples from current production 
of electric water heaters show cost reduction 
through using welded studs for mounting 
heating elements. 


From three prominent companies in widely scattered 
locations come reports o substantial savings in electric 
water heater manufacture as the result of simplified 
designing and fabrication made possible by use of the 
Nelson stud welding method. Of the methods of fabrica- 
tion now being employed by these manufacturers, the 
most unusual is that of the Canadian John Wood Manu- 
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facturing Co., Ltd., Toronto, Ontario. In their heater 
design for which patent applications have been made, 
the heating elements consist of two flexible pads which 
are clamped to the outside of the tank to form an 
integral unit. 

Heating elements located on top and bottom are held 
in place by sheet metal straps shown in Fig. 1. One end 
of each strap is secured to the tank by two Nelson 
threaded studs. The welding of these studs to the 
galvanized tank body is handled in a special cradle fix- 
ture with hinged locating rings which drop in place over 
the tank, as shown in Fig. 2. A grooved circle in the 
fixture rings accommodates the tripod legs of the Nelson 
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5, New Jersey. 


MAX-MIN 
Thermometers 


Contact-making 
Thermometers 


Albany + Atlanta © Boston « Buffalo » Charlotte Chicago » Cincinnati Cleveland * Dallas © Denver © Detroit » Houston Jacksonville © Knoxville © Little Rock * Les Angeles © Meriden » Minneapolis + Newark 
New Orleans * New York * Philadelphia * Phoenix © Pittsburgh © Rochester © San Francisco © Seattle * St. Louis © Syracuse * Tulsa © in Canada, Northern Electric Co., Ltd., Powerlite Devices, Ltd. 


FEBRUARY 1949 


137 





TREND S 


Fig. 1 (left)—Elements on 
the John Wood electric wa- 
ter heaters consist of flexi- 
ble pads held in place by 
These 
are secured at one end by 
two Nelson studs; snap 
clasps used at the face end. 


sheet metal strips. 


ie ARE eer ee 


Fig. 2 (Below)—Studs ac- 
curately welded by means of 
a special cradle fixture with 
hinged locating rings which 
drop in place over the tank. 
The legs of the lightweight 
Nelson gun fits into a 
grooved circle in the fixture. 


gun. The free end of the metal strap is secured by a 
snap-clasp to a press-formed thermostat mounting plate. 
This plate, which is welded to the tank, has riveted 
spring clamps which hold the thermostat. Use of stud 
welding for fastening the short straps which hold the 
heating elements is less complicated than the former 
method which used girdles around the tank’s circum- 
ference. It has resulted in a saving of approximately 
$1.30 per tank. 

Savings almost this large have been obtained by the 
Universal Milking Machine Division, Waukesha, Wis- 
consin, with the adoption of Nelson stud welding for 
fastening element housings and flanges on their electric 
hot water heaters. Cast flanges, which had to be drilled 
and tapped, were formerly used in the fabrication of 
these tanks. By changing to the Nelson method and 
simply welding studs to the bottom of the tank, as 


& 


Fig. 3—A saving of $1.15 per tank is attributed to Nel- 

son stud welding by the Universal Milking Machine 

Division, Waukesha, Wisconsin. In addition to speeding 

assembly, the bottom flange has been eliminated and 

stamped flanges have replaced heavy cast flanges on 
the sides of the tank. 


Fig. 4—Heating elements for both Mission and Bauer 

electric water heaters are mounted on Nelson studs 

welded to a stamping instead of the thick steel forging 
formerly used with threaded studs. 


shown in Fig. 3, that flange has been eliminated. In 
addition, the heavy cast flanges on the sides have been 
replaced by 8-gage stamped flanges to which the studs 
are quickly welded. The result is a time saving of 38 
per cent and a material saving of 45 per cent in the 
flange assembly. This adds up to a net reduction of 
$1.15 in the cost of each tank. 

At the Hawthorne, California, plant of Bauer Manu- 
facturing Corporation, stud welding has made possible 
a carefully-figured saving of 68.6 cents per tank in the 
fastening of heating elements on both Mission and Bauer 
electric water heaters. A steel forging, welded to the 
tank, was needed when threaded studs were used to 
fasten the mounting flange of each heating unit in place. 
With Nelson studs, the steel forgings were dispensed 
with in favor of an extruded patch, seen in Fig. 4, 

(Continued on page 204) 
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FOR HIGH PRODUCTION PRESS WORK 


The popular Warco Double Crank Gap 
Press represents the last word in presses 
of this type. It is a sturdy production 
press operating at 30 strokes per minute. 
Job tested -- the Warco has proved time 
and again that maintenance costs can be 
cut -- that operator efficiency and pro- 
duction can be boosted, safely and econ- 
omically. 


Warco can furnish this type press in 
single or double back geared, single end 
or twin drive to main shaft, according to 
customer’s requirements. They are avail- 
able in 35 to 500 ton capacities - or larger. 


Press pictured here is used with cam op- 
erated forming die to double flange three 
sides of 24 x 96 inch steel panel. 


Resistance Welders for Every Application ¢ Presses from 50-Ton OBI to 2000-Ton Double Action 


~fedevals 


WELDERS 
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COMPRESSOR MOTORS 


Compact self-ventilated line of a-c motors is intended for 
refrigeration and air conditioning compressor applications. 
Motors are available in single phase ratings ranging from 
1 to 5 hp and polyphase ratings from 1 to 7% hp, 1800 rpm. 
Polyphase motors have double squirrel cage rotors, die cast 





aluminum conductor bars and end rings. Inner and outer 
races of ball bearing on end opposite drive are locked to 
give maximum thrust. The seal and shield type of bearings 
are designed to exclude dirt and prevent loss of lubricant. 
Main frame, and ends are of cast iron. Delco Products Div. 
ot General Motors Corp., Dayton 1, Ohio. 


MINIATURE RELAY 


Light and sturdy relay (Diaphlex), 234 in. long x 1%e 
in. wide x 2% in. high, weighing 4% oz is intended for air- 
craft application. Relay is designed for stacking side by 
side as shown in illustration. It is claimed to give satisfac- 
tory operation under the normal vibration encountered in 





such uses. Electrical characteristics: coil rated at 28 volts 
d-c, resistance 150 ohms; normally open SPST snap action 
switch with magnetic blowout, rated at 10 amp 110 volts 
d-c, inductive load. Relay is built with self-aligning coil 
terminal lugs and high voltage insulation and suitable for 
operation from —65 to +160 F. Main supports of relay are 
made of anodized aluminum for greater corrosion resistance. 
Cook Electric Co., 2700 Southport Ave., Chicago 14. 


MULTICONTACT ROTARY SWITCH 


High-speed spring driven d-c stepping switch (Type 26) 
is designed for remote control operation of 30 steps per sec- 
ond (max) and for self controlled operation of 60 steps per 
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second (max) with 48-volt power supply. Stepping magnet 
may be remotely controlled or wipers may be caused to step 
automatically by interrupting magnet circuit through a pair 
of interrupter springs on switch. Switch is available from 
one to ten bank levels, each level comprising 26 contacts. A 
pair of double-ended wiper springs (in 180 deg relation- 
ship) is stepped over each bank level; one end of wiper is 
in contact with bank whereas the other is free of bank 
contacts. As one end leaves 26th contact the other is ap- 
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proaching first contact. Features include molded bank 
levels, lightweight rotor with low inertia, and keying of 
rotor parts to prevent shifting. Weight is 27 oz; dimensions 
are 6%e in. long x 2% in. wide x 4% in. high. C. P. Clare 
& Co., 4719 Sunnyside Ave., Chicago 30. 


SOLENOID VALVES 


Sturdy solenoid operated 3-way and 
4-way valves are available for pipe sizes 
from &% to % in.; larger pipe sizes can be 
supplied. Valves are suitable for cylinder 
operation, as a pilot valve for larger 
valves, and other related applications on 
pneumatic or hydraulic power cylinders. 
Feature of valves is the balanced micro 
honed piston. Valves are available for 
one-way solenoid operation with spring 
and gravity return providing reverse flow, 
both way solenoid. operation, and also 
with explosion proof housing. Moisture 
proof solenoid coils are made for complete range from 6 to 
250 volts. Valve bodies are made in bronze as standard, 
other alloys available; pistons are made in bronze or stain- 
less steel. Clark Cooper Company, Palmyra, N. J. 





A-C D-C CIRCUIT REGULATOR 


Automatic, direct acting, finger type circuit controller 
(Regohm) is designed for a wide range of applications 
requiring regulation, control, or power amplification. Reg- 
ulator is suitable for controlling voltage, current, and speed 
of motors and generators. Also used as a circuit element in 
servomechanisms and electron tubes, saturable reactors, and 
close differential relays. Unit consists of solenoid coil with 
armature for actuating a shorting bar which is supported on 
springs, an adjustable air dashpot connected to moving 
parts to regulate time constant or stability, and finger con- 
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Chicago Molded Plastics — of course! 


You'll find it worthwhile to consider 
these facts when you're planning your 
next molded plastics job. Just phone 
or write. There’s no obligation. 


This is the new Talk-A-Phone Master 
Selective Unit ... one of the striking 
new models manufactured by the Talk- 
A-Phone Co. of Chicago, makers of “2 to 
100” station intercom systems. These low 
cost systems offer exceptionally high 
fidelity performance and broad flexibility 
not only for business and industry but 
also for farm and home use. The hand- 
some cabinet, molded of a walnut mate- 
tial, will harmonize with almost any 
decorative scheme. As optional equip- 
ment, a rich gray cabinet will shortly be 
available, 


But... there’s much more than beauty 
involved. The molded housing is 
engineered to insure practical mold- 
ability... planned so that lugs, 
bosses and inserts are molded-in to 
reduce assembly costs, Precision 


COMPRESSION, INJECTION 


molds are designed and built for most 
efficient production. And the entire 
piece was compression molded in a 
single operation on the proper size 
press to provide maximum produc- 
tion speed and economy. It’s obvious 
that the advantages and economies 
of Chicago Molded Plastics have had 
much to do with not only the beauty 
and dependability but also the low 
cost of this remarkably efficient 
equipment. 


Chicago Molded offers a complete 
service ... designing, engineering, 
mold-making, molding, and finishing 
... every size and type of equipment 
needed to do your job right . . . plus 
30 years experience in plastics. It’s a 
service that’s used, year after year, by 
hundreds of America’s leaders of 
industry. 


CHICAGO 


MOLDED 


PRODUCTS 
fo) TTo) -Y-Va lo) 


1024 N. Kolmar Ave., Chicago 51, Ill. 


Representatives in principal 
industrial centers 


AND PLUNGER MOLDING OF ALL PLASTIC MATERIALS 
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tacts (or step contacts) connected to prongs in base of unit, 
Prongs fit into female socket (not shown) which is wired 
to external resistance or other external circuit elements, 
Features include (1) good sensitivity, a + 2 per cent change 
in current gives complete range of travel of armature (2) 
stepless control, achieved by high speed averaging between 
steps (3) sturdy construction, to resist shock and vibration 
and also operate in any position (4) available in normally 


open or normally closed contacts. Standard coil ratings: 
1,000, 350, 100, 35 and 10 ma d-c, all 1 watt consumption; 
115, 230, 440 volts 60 cycles; other voltages supplied. Basic 
10 finger unit shown in illustration is suitable up to 120 w 
max and up to 10 amp; measures 3% in. x 3% in. x 1*¢ in. 
high. Available in 18, 26, and 34 fingers as well as higher 
current ratings. Unit meets AN and Air Corps applicable 
specifications. Electric Regulator Corp., 1938 Park Ave., 
New York 35. 


MAGNETIC STARTERS 


Solenoid-operated starters (Bulletin 4113 Size 3 A. C.) 
are intended for use where full voltage, non-reversing start- 
ing of polyphase squirrel cage induction and single phase 
motors is permissible. Main features include: high arc 
interruption capacity, thermal overload protection, compact 
construction, built-in solderless connectors and double break 
silver-to-silver main contacts. Starters have a maximum 


enclosed rating of 50 hp, 440-550 volts, 3 phase, 60 cycles. 
Standard operating coils can be supplied for 110, 208-220, 
440 and 550 volt, 25 or 50-60 cycle service. Dual voltage 
coils can be furnished for 110/220 or 220/440 volt, 60 cycle 
operation. Starters are available with open type construc- 
tion for built-in or other controls, or with NEMA Type I 
general purpose enclosure. Available for control by sepa- 
rate pilot devices or can be supplied with local control push- 
buttons or selector switches. Ward Leonard Electric Co. 
34 South St., Mount Vernon, N. Y. 


HIGH VOLTAGE RESISTOR 


Continuous duty type of resistor (Type BTAV) is suit- 
able for use up to 2,000 volts, and to withstand surges up to 
6,000 volts. Resistor is intended for use in television bleeder 
circuits, as a meter multiplier, discharge resistor in fluores- 
cent ballast units, and for other applications. Construction 
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flexed under powerful 


GRIP / 
LIKE THIS! 


For extra staying power, choose EverLOCK Washers. 
No matter how — or how often — your assemblies 
are subjected to vibration, strain, expansion or con- 
traction, the many wide chisel edges of EverLOCK 
Washers combine with powerful spring tension to 
effectively resist every conceivable loosening action. 
Illustration in circle gives photographic evidence of 
the extra gripping area provided by each of an 
EverLOCK’s many wide chisel edges. 


Other EverLOCK advantages include (1) speed and 
ease of application that save time and labor; (2) 
elimination of all hazards of stretched bolts and dis- 
tortion of threaded parts. Write for full particulars. 





STEEL 


Every Kind 
Quick Delivery 


Current demand often depletes our stock of many kinds and 
sizes but you can be sure we will do our best to serve you. 


PRINCIPAL PRODUCTS: 
BAR S—carbon & alloy, hot TUBING—seamiess & welded, 
relied & cold finished boiler tubes 


STR UCTURALS—channels, STAINLESS—Allegheny sheets, 
engles, beams, etc. bars, tubing, etc. 


PLATES—U, M. & sheared, REINFORCING bars & access. 
inland 4-Way Floor Pilate BABBITT bearing metal 


SHEETS—hot & cold rolled, MACHINERY & TOOLS for met- 
many types & coatings al fabrication 


RYERSON 


Joseph T. Ryerson & Son, Inc. Plants: New York, Boston, 
Philadelphia, Detroit, Cincinnati, Cleveland, Pittsburgh, Buffalo, 
Chicago, Milwaukee, St. Lovis, Los Angeles, Son Francisco 


A APT 
ATT RTT 





of resistor is similar to previous type (BT) except that 
internal part of lead wire is shorter permitting its use at 
higher potential at the expense of slight reduction in han- 
dling capacity. International Resistance Co., 401 N. Broad 
St., Philadelphia 8. 


DRIP-PROOF A-C MOTORS 


Polyphase squirrel cage motors in drip-proof construc- 
tion are available from 3 to 15 hp, NEMA frame sizes 254, 
284, 324 and 326. They are made for standard voltages, 
60-50 and 25 cycles, 1800 and 1200 rpm; other speeds are 
supplied. Motor design is a change from conventional open 
to protected open design as openings in main frame have 
been omitted. Frames formed of heavy rolled steel are 
shaped to provide passages between frame and stator core 


for ventilation. Large auxiliary fan, of greater diameter 
than armature, draws in air through openings in the front 
end plate, forces it through passages and out through end 
plate openings on drive end. Screens on end plate openings 
give added protection. Motors are supplied with sleeve or 
ball bearings; are drip-proof for sidewall or ceiling mount- 
ing (horizontal position) when end plates are rotated to 
proper position. Illustration shows a 5 hp ball bearing 
motor. Wagner Electric Corp., 6454 Plymouth Ave., St. 
Louis 14, Mo. 


HIGH VOLTAGE SELENIUM RECTIFIER 


Compact selenium rectifier (Model SE8L) has been de- 
signed for portable or sealed equipment requiring high 
voltage d-c. It is rated up to 3,000 peak inverse volts at 


1.5 ma d-c; can be arranged in series or in voltage multi- 
plier circuits for higher voltage requirements. Completely 
sealed rectifier housing measures % in. diam and is avail- 
able in lengths up to 3 in. Rectifier is provided with two 
tinned pigtail connections. Bradley Laboratories, Inc., 82 
Meadow St., New Haven, Conn. 


COPPER RESISTANCE THERMOMETER 


Fused in glass resistance thermometer uses copper of 
high purity (with high coefficient) and of uniform and re- 
producible quality. Thermometer can be used as standard 
between 0 and 200 C without calibration since the high 
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Good-looking appliances .. . hard-working tools... in 
fact, electrical merchandise of all types can profit from 
the two-way sales boost of General Electric Flamenol 
cords. These well-built cords help (1) by adding eye- 
appeal, because their smart appearance goes with your 
most up-to-the-minute designs; (2) by adding tough- 
ness, because the tough, thermoplastic jacket is made 


to take rough use. 


To get this double-sales push for light appliances — 
specify General Electric Flamenol “rip” cord. For me- 
dium- and heavy-duty equipment — specify General 
Electric Flamenol “portable” cords. Both types have 
the smooth, glossy finish you want — the finish that 
looks new, stays tough for years — cleans easily with 
a damp cloth. Both have the tough thermoplastic jacket 


that resists water, oils, acids, alkalies, and sunlight. 


Why not look into the sales advantages of Flamenol 
cords for your product? For a free, all-inclusive catalog 
on cords, simply fill out the coupon, and mail it to 
Section W11-922, Construction Materials Department, 
General Electric Company, Bridgeport 2, Connecticut. 


*TRADE-MARK REG. U.S. PAT. OFF 


GENERAL @ ELECTRIC | 
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Section W11-1122 

Construction Materials Department 
General Electric Company 
Bridgeport 2, Connecticut 


Please send me the new, free catalog, Building Wires, Cables, and Cords 
for every purpose. 
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Clean big 
parts with 
the Oakite Steam Gun! 


es an easy way to clean metal parts that 
are too large to be soaked in tanks or con- 
veyed through washing machines. 





Just use the Oakite Solution-Lifting Steam Gun 
to apply an Oakite cleaning solution under about 
40 pounds of steam pressure. Oil, grease and 
other dirts vanish quickly, leaving the parts ready 
for inspection, assembly, further machining, over- 
haul or repair. ... The same gun may be used 
with Oakite paint-stripping solutions. 


FRE Write to Oakite Products, Inc., 18H 
Thames St., New York 6, N. Y., for il- 
lustrated folder F7338 describing the Oakite 
Solution-Lifting Steam Gun and many of the 
cleaning operations on which it saves time and 
money. 


OAKITE 


EG. u.8 PAT. OFF. 


INDUSTRIAL CLEANING MATERIALS - METHODS - SERVICE 







Technical Service Representatives Located in 
Principal Cities of United States and Canada 











Rogan Offers a Wide Variety of Stock Molded 










































































SEND FOR FREE CATALOG 


Save time and tool costs by using Rogan's stock molded knobs. 
Supplied without tool charge; immediate delivery. Wide range 
of sizes, shapes, colors; branded to your specifications, Write 


for free catalog now! 
7500 W. IRVING PK. BLVD. 


ROGAN BROTHER CHICAGO 18, ILLINOIS 
Compression Molders and Branders of Plastics 














purity and fully annealed wire has a constant resistance 
coefficient between these limits, that is, temperature-resist- 
ance relation is linear. Unit measures 3% in. long, 0.20 in. 
OD and may be fitted with 2, 3, or 4 leads. Immersion 
length is 24% in. Time constant of unit is 3.2 sec for 63 per 
cent change (in agitatea water bath). Thermometer can be 
operated up to 600 F. Paul G. Weiller, 95 Broad St., 
New York 4. 


WOUND TRANSFORMER CORES 


Custom wound flexible transformer cores are made with 
single butt joint to permit use of standard coils and to 
facilitate coil assembly. Core loss increase by butt joint is 
said to be less than 5 per cent that of same core without 
cut. Cores are made in sizes up to 20 in. long, using lamina- 
tions up to 6 in. wide. To facilitate coil assembly desirable 
ratio of length to width (of window) is 3 to 1. Application 





of cores include transformers designed for rectifiers, battery 
chargers, X-ray apparatus, power distribution, and others. 
Any type of magnetic material can be supplied; standard 
cores are made of intermediate grade 0.072 watt loss 29 
gage steel or Armco Trancor X Oriented 29 gage steel. 
The 0.072 watt steel is claimed to have 75 per cent the loss 
of equivalent sheared or laminated core. Manufacturer 
states that a 20 per cent greater flux density attained (for 
same core loss) effects savings in both copper wire and 
steel. Use of oriented steel is said to effect savings in cop- 
per wire as high as 30 per cent. Elcor, Inc., 617 N. Second 
St., Milwaukee 3, Wis. 


IMMERSION HEATERS 


Multiple element, high temperature and 
high pressure immersion heaters (Type 
TMO) are available in a wide range of 
capacities, from 1 to 100 kw. Custom-made 
units of larger capacity are supplied. Units 
are made in steel, stainless steel, or inconel 
sheaths and intended for heating liquids or 
gases. Triangular cross-section hair-pin 
shaped heater elements are welded into 
heavy forged-steel flanges so arranged as 
to permit free circulation of liquid or gas. 
Construction is said to withstand high pres- 
sures and leakages when used in heat trans- 
fer liquids of high penetration. Edwin L. Wiegand Co., 
7500 Thomas Blvd., Pittsburgh 8, Pa. 


MAGNETIC AMPLIFIER 

Completely static and tubeless device for increasing the 
power associated with a varying signal is said to require 
very little maintenance and to possess long service life. Am- 
plitication is attained by saturation of magnetic core 
through control by amplifier input of a larger amount of a-c 
power supplied by a local source to amplifier output. Mag- 
netic amplifier is intended for industrial and commercial 
applications, including furnace and automatic battery 
charging controls, line to line voltage regulators, a-c and 
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B+ Supply Television 
130 V 250 MA 
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Bias Supply 
20V 75 MA 


B+ Supply Radio B+ Supply Preamplifier Trickle Charge Assembled B+ Supply Radio 
18V 700 MA 


130V 75 MA 130V 50MA 
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Vibrator 160 V. 
160 V 100 MA 


Vibrator Doubler 
160 V 75 MA 


Bt Supply Television 
130 V 400 MA 


The Federal Miniature Selenium Rec- 
tifier has firmly established its position 
as a versatile new source of DC power 
in electrical and electronic design. 

From a “Federal First” in 1946— 
when the nation’s leading radio set 
manufacturers were quick to adopt it 
as a rectifier tube replacement—the field 
of application of Federal’s Miniature 
Selenium Rectifier has expanded to a 
point where radio rectifier tube replace- 
ment is but one of an almost limitless 
variety of uses. 


Today there are millions of Federal 


Vibrator Doubler 








B+ Supply Radio-TV 
130V 150MA 






130V 100 MA 


B+ Supply Television 
130 V 200 MA 






160V 100 MA 







B+ Supply Television 
130 V 500 MA 


“Miniatures” in use not only in radio 
sets but in television, electric shavers, 
electronic musical instruments, inter- 
communication systems, mobile radio 
and many special applications. 


Now Federal offers a line of 18 dif- 
ferent “Miniatures”—and still more are 
in development. It is our policy to work 
directly with you in specifying the right 
Federal Miniature Selenium Rectifier 
to meet your requirements. If there’s 
not a Federal “Miniature” to handle 
your particular job, there can be. For 
information, writetoDepartment F485. 









An IT&T Associate 


Federal Telephone and Radio Corporation 


SELENIUM and INTELIN DIVISION, 900 Passaic Ave., East Newark, New Jersey 

















KEEPING FEDERAL YEARS AWEAD...is IT&T's world-wide 
research and engineering organization, of which the Federal 
Telecommunication Loboratories, Nutley, N. J., is a unit. 





in Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q. 
Export Distributers: International Standard Electric Corp. 67 Broad $t., N.Y. 
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“This National Vulcanized 
Fibre Part 

solved our problem*¥— 
assured us a 

product which 
performed 

perfectly.” 


* Required: 

A material light in weight, resistant to wear, with good dielec- 
tric strength, ready machinability. National Vulcanized Fibre 
with all these qualities, plus—was the perfect answer. 


In your development of efficient, economical 
products, it pays to investigate 


A tough, horn-like material 
with high dielectric and me- 
chanical strength. Excellent 
machinability and forming 
qualities, great resistance to 
wear and abrasion, long life, 
light weight. Sheets, Rods, 
Tubes, Special Shapes. 


About one-half the weight of 
aluminum, possesses an unu- 
sual combination of proper- 
ties—a good electrical insula- 
tor, great mechanical strength, 
high resistance to moisture; 
ready machinability. Sheets, 
Rods, Tubes, Special Shapes. 


The first fish paper developed 
for electrical insulation. 
Strong, smooth, flexible, with 
excellent forming qualities. 
~~ | High dielectric strength. 
ise Sheets, Rolls, Coils. 


To help you solve your specific development problem— 
National Research and Engineering Service available 
without obligation. 


PNAT 1 ONAL VULCANIZED FIBRE CO. | 
2 N "DELAWARE 


Principal Cities 


iain Bi tl tisobiscis 





d-c génerator voltage regulators, hydraulic transmission 
controls, instrument amplifiers and control relays. It is 
also suitable as temperature regulators, time delay devices, 
modulators and current regulators. Unit essentially consists 
of a number of windings on one or more cores of high per- 
meability magnetic material, with one or more metallic 
rectifiers. Other features of rectifier include: sturdy con- 


struction; no contacts, glass, filament or moving parts; no 
rectifiers or filters in power supply; high ratio output to 
control power, ratios range from twenty to several thousand, 
depending on size and response time; allows for complete 
circuit isolation between output circuit of reactor and input 
or control circuit. Vickers Electric Div., Vickers Inc., 1815 
Locust St., St. Louis 3, Mo. 


SPEED REDUCER 


Single reduction speed reducer (designated BHS) is a 
right angle drive unit with input shaft below and output 
shaft (worm gear) above. Worm is of carburized steel 
with good wearing qualities; worm gear of nickel bronze 


for high strength and low coefficient of friction. Input shatt 
diam is % in. with 1% in. extension; output shaft diam is 
5% in. with 1*%6 in. extension. Available ratios are 6 to 1 
up to 58 to 1, input horsepower is from \% to 5@, and output 
torque with 1800 rpm input ranges from 103 to 168 in. Ib. 
Overall dimensions are 4% in. long x 3 in. wide x 6% in. 
high. Base is 5 in. x 434 in. long. Ohio Gear Co., 1300 E. 
179 St., Cleveland 10. 


SEQUENCE TIMER 


Electrical process timer 

(Type DB) is designed to 

give total time cycle as 

well as timing of the vari- 

ous process periods which 

bear a percentage of total 

time cycle. All adjustments 

are made on single dial of 

unit. Timer is adaptable 

for timing either continu- 

ously repeating, single 

cycle, or interrupted cycle 

ps processes. Device consists 

of a synchronous motor operating through an adjustable drive 
to move a control arm radially around a calibrated scale. 
This results in a stepless and wide-speed range in the ratio 
of 36 to 1. Individually adjustable stationary contacts are 
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ALL FORMS, ALL QUANTITIES — ALL DEPENDABLE 


when you think’ of MICA, think of MACALLEN jit 
THE MACALLEN COMPANY fect sco i visnmcron nwo. » cievetunos 1231 surmon Ave 
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Formica 
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to stimulate your own ¢ 
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ore identified here: 


Parts are ot work in ev 


ELVES 
EY BLU) 


with the . . 


Select exactly the right 
semi-tubular, split rivet, or cold- 
headed fastener from Milford’s com- 
plete line. You'll find it pays in 
every way! 


Then use the right rivet set- 
ting machine for your application. 
One of Milford’s 15 basic machines 
is sure to solve your particular 
problem . . . and slash your pro- 
duction costs! 

WRITE TO DEPT. E 


MILFORD RIVET 


& MACHINE COMPANY 
HATBORO, PENN. 
ELYRIA. OHIO 
MILFORD, CONN. 


pe of Industry. Just 
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faa Tubing for Electrical Insulation. 
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Washing Machine Silencer Spring Buttons. 


Let us know how you are considering 
Formica. It can be custom built to 
meet your requirements. “Data on 
Formica” and typical samples - 
available. Help us help you- Write 
FORMICA, 4645 Spring Grove Ave., 
Cincinnati 32, Ohio. 





located around the periphery of dial whereby the rotating 
arm makes and breaks contacts in succession. Reliability of 
the adjustable speed drive is said to assure repetitive accu- 
racy. Timer measures 14 in. high x 12% in. wide x 8 in. 
deep. Struthers-Dunn, Inc., 150 N. 13 St., Philadelphia 7. 


SUBFRACTIONAL SINGLE BEARING MOTORS 


Single bearing shaded pole a-c motors (Type AM) for 
operation on 115 volts 60 cycles are made in 1.5, 6, and 9 
watt ratings; speed is 1450 rpm for lowest rating and 1550 
for higher ratings. Motors are designed for refrigeration, 
air conditioning, heating, ventilating, and other auxiliary 


applications. Design features include permanently sealed 
large oil reservoir, long single bearing to assure shaft align- 
ment, and spiral pump incorporated on shaft to give forced 
feed lubrication. Also included is a cone and slinger, oil 
catcher, and oil return ducts to permit recirculation of 
lubricant back to reservoir; a die cast aluminum rotor is 
held in position by magnetic forces to minimize end thrust; 
and fin-line design to accelerate heat dissipation. Motors 
can be supplied in three basic mounting brackets. Redmond 
Co., Inc., Owosso, Mich. 


DUPLEX LIMIT SWITCH 


Sturdy duplex limit switch 

rated to 600 volts, 5 and 0.1 

amp a-c and d-c respectively, is 

suitable for operation up to 200 

F. Unit is designed for use on 

machine tools to limit travel in 

either of two directions and can 

be adapted to provide two dif- 

ferent travel speeds. Unit con- 

sists of two oiltight switches in 

a single assembly, each measur- 

ing 3% in. x 1% in. x 3 in. high 

- to top of roller. Each switch 

has a single pole, double throw snap action mechanism and 

two circuits; one is normally closed and other normally 

opened. Duplex unit is available with either two push rods, 

two plain roller arms, or two one way rollers. Return 

springs can be changed for reverse direction of operation. 

On roller arm types, removal of spring provides maintained 

contact operation. Duplex limit switch on plate for oiltight 

flush mounting is shown in illustration: switches can be 

mounted so that their actuators are at opposite ends of box. 
Square D Co., 4041 N. Richards St., Milwaukee 12, Wis. 


COMPENSATED CURRENT TRANSFORMERS 


Current transformers (Model 313 Donut) are designed 
for 5 va capacity. They are of the insert primary type, 
compensated for phase angle and ratio error; used to 
increase. current ranges of wattmeters, watthour meters, 
and other types of indicating, recording, and controlling 
instruments. Transformers are insulated for 4,500 volts 
a-c and are suitable for use on 25 to 133 cycles. Avail- 
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IT’S THE 


Sparkling simulated diamonds 
trim the edge of these dessert 
dishes and coasters made of 
Koppers Crystal Polystyrene. 
They have the extra sales ap- 
peal that means dollars in the 
cash register. Also available 
in brilliant transparent colors 
with coasters to match. Mold- 
ed by Plastic Jewel Company, 
W. Orange, N. J. 


An easy way to “raise” profits. 
That’s what these colorful 
poker chips did for the Beacon 
Products Corporation, New- 
ton Highlands, Mass. Molded 
of Koppers Polystyrene and 
sold in a handsome box of 
the same material. 


7) ff f 
KOPPERS Porleated, PLASTICS INCLUDE: 


KOPPERS POLYSTYRENE 8, the heat-resisting polystyrene that can be 
washed in scalding water. 


KOPPERS POLYSTYRENE 7, the general purpose type. 
KOPPERS POLYSTYRENE 3, the lubricated type for fast, easy moldability. 
KOPPERS CELLULOSE ACETATE, a tough, high-strength plastic with great 


resistance to impact. 


KOPPERS ETHYL CELLULOSE, the cellulosic with highest impact strength. 


“POLYSTYRENE ETHYL CELLULOSE 
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THAT SELLS THE PRODUCT 


MADE FROM 


KOPPERS 
PLASTICS 


uT a sparkling dish like this in front of 
P: woman and she'll pick it up every 
time. The brilliant jewel-like trim catches 
the light from every angle—gives the ap- 
pearance of fine cut glass. And when the 
customer sees the low price, the urge to 
buy is nearly irresistible. 


These dessert dishes are a product of 
the Plastic Jewel Company, W. Orange, 
N. J. They’ve been a quick “sell out” 
wherever they appear on store counters. 

Much of their sparkle comes from the 
crystal clarity of Koppers Polystyrene. 
And when transparent colors are used the 
effect of real jewels is even more striking. 

You never know when you'll hit the 
“jack pot” with an idea like this, but Kop- 
pers Perfected Plastics can give your prod- 
uct real quality . . . quality that makes 
customers keep on buying. 

Koppers Polystyrene 8, for example, 
can be washed in scalding water. What’s 
more, Polystyrene 8 has an extremely fast 
molding cycle. You can turn out more 
pieces and a higher percentage of them are 
perfect pieces. All sprues and runners can 
be ground up and used again. This makes 
Koppers Polystyrene 8 one of the lowest 
in cost of all plastics. 

If you use, or are considering plastics, 
look at the jobs Koppers Perfected Plas- 
tics can do economically and well. Send 
the handy coupon for our new booklet. 


KOPPERS COMPANY, INC. 


Chemical Division 
KOPPERS BUILDING, PITTSBURGH 19, PA. 


District Offices in New York, Chicago, and San Francisco 


Send for New Free Booklet 


"CELLULOSE ACETATE 





oe 


as SEAS : ‘ 
y/ bs Yigg Me 
any UGaTs 


* ~. l 


NEW HANDBOOK 


192 PAGES of 
USEFUL INFORMATION 


Engineers, designers, purchasing agents — 


GET YOUR COPY 


You will find complete data on the lamps 
used in pilot lights. 


And illustrations — all full size — of 
hundreds of items you will use. 


There is a table of resistors for operation 
of lamps on all voltages. 


Complete dimensional data on each unit. 


More than 2,000 Underwriters’ Listed Pilot 
Light Assemblies, 


The DIAL LIGHT COMPANY of AMERICA 


Foremost Manufacturer of Pilot Lights 


900 BROADWAY, NEW YORK 3, N. Y. 
TELEPHONE SPRING 7-1300 


Wuilt fe Yandbook F-149 | 


Visit us at Booth 46 at the |. R. E. National Convention | 
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able in ratios from 25 to 3, 50 to 5, 75 to 5, up to 1,000 
to 5 amp range and in multirange combinations with single 
primary and tapped secondary to provide several ranges 
without making major circuit changes. Units are pro- 
vided with long secondary leads for connection directly 


to instrument or through suitable switching arrangements ~ 
where several transformers are to be used with one in- | 
strument. General characteristics are such that they fall 
within NEMA Instrument Current Transformer classi- 4 
fication %. Danger of high open circuit secondary is 
said to be eliminated since turns ratio is sufficiently low. 
Associated Research, Inc., 231 S. Green St., Chicago 7. 


VARIABLE SPEED DRIVE 


Compact variable speed transmission with built-in motor | 
is said to have accurate speed holding and speed reset char- | 
acteristics over complete range from 1100 rpm to 0. Unit is © 
designed for 3% hp, 3600 rpm, 3 phase, 60 cycle, 220/440 


volt, open type motor. Drive is available with various ratios 
of spur gear or worm gear reduction and with spur gear 
step up where higher speeds are required. Also supplied 
with various types of controls including micrometer, single 
turn, remote micrometer, lever, etc., as well as remote elec- 
trical controls. Graham Transmissions, Inc., 3754 North 
Holton St., Milwaukee 12, Wis. 


RECTIFIER STACKS WITH PROTECTIVE FINISH 


Line of selenium rectifier stacks are available with multi- 
purpose protective coating (designated V) originally devel- 
oped for the armed forces. Finish is suitable where corro- 
sive, salt spray, humid and fungicidal conditions exist. 
Coating contains fluorescent dye permitting inspection of 
surface coverage of stacks through use of ultra-violet light. 
Specification meets U. S. Government requirements for the 
inspection of fungicidal agents. Vickers Electric Div., © 
Vickers Inc., 1815 Locust St., St. Louis 3, Mo. 


AIR COMPRESSOR MOTORS 
Full-voltage starting type of induction motors (Design 
X) with low starting kva are designed for direct connection 
to air compressors operating at 720, 600, and 514 rpm. 
Starting kva is 20 per cent lower than NEMA Design B 
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NEW MICRO Precision Switch 


rating —12 Horsepower Motor at 230 Volts a-c. 


New MICRO Type "A" Switch 


Sturdy Type “FF” Die Cast Housing 


Ample Wiring Space. 


This small switch 
will handle a 1% 
H.P. motor at 230 
volts a-c. It is 
available with five 
different types of 
actuators. 


This MICRO Type 
“F’ die cast hous- 
ing is designed for 
the high capacity 
Type “A” Switch. 
The synthetic rub- 
ber seal boot covers 
the operating 
plunger and resists 
the entrance of oil, 
moisture, dust, etc. 
Available in right 
and left hand de- 
signs. 


GCM aU _,. first na 


In the new Type “A” Switch, MICRO 
SWITCH offers a small, lightweight, accurate 
switch to handle the ‘high current inrush re- 
quired in the operation of solenoids, motors 
and tungsten lamps. 


The MICRO Type “A” Switch is listed by 
Underwriters’ Laboratories for 1% H.P. motor, 
230 volts a-c; % H.P. motor, 115 volts a-c; 20 
amperes, 125, 250 or 460 volts a-c; tungsten 
lamp, 10 amperes, 125 volts a-c. Rated for 75 
amperes inrush capacity to-460 volts a-c. 


If your design requires a small precise control 
switch which must take high current inrush 
throughout a long life . . . with no danger of 
welding or sticking . . . be sure you have all the 
facts on this new MICRO Type ‘‘A” Switch. 


If your design calls for any kind of a small pre- 
cision switch, MICRO SWITCH representa- 
tives can select from over 3900 variations of 
switches the one best suited to your needs. Call 
or write a MICRO SWITCH engineer at one 
of the offices listed below. 


i es 
me in precision switche 


“USES UNLIMITED” 


A dramatic MICRO 
SWITCH 16 mm. sound 
motion picture in color, is 
available to industrial 
groups, training classes, 
schools and colleges. Run- 
ning time, 35 minutes. 


© 1949 First industria! Corp. 


er SWITCH 


FREEPORT, ILLINOIS, U.S.A 


" BRANCH OFFICES: 
Chicago + New-York « Boston + Cleveland + Los Angeles 


SALES REPRESENTATIVES: 
Portland ° St. Lovis . Dallas Toronto 








motor, or approximately 425 per cent of full load kva as 
compared with 550 per cent for NEMA design. Motors 
are available in flange mounted (overhung) or two bearing 
type in ratings from 60 to 250 hp at 600 rpm; 75 and 100 
hp at 720 rpm; and 150, 200, and 250 hp at 514 rpm. Locked 


MAKE YOUR PRODUCT FULLY NON-CORROSIVE! 
STAINLESS STEEL SCREWS 


Machine, Self-tapping, Set, Socket, Wood Screws. Also Nuts, Bolts, 
Pins, Washers, Rivets—all types and sizes— delivered immediately 
from America's largest stock. 


iP 


“SOPH Hw e,, 
: - 


IMMEDIATE 
DELIVERY 


For 
Catalog 
No. 49B, 
write 
today, 
on your 


rotor starting torque (at rated voltage) is given as 65 per 
cent of full-load torque, and breakdown torque 175 per cent 
of full-load torque. Flange mounted type is shown in illus- 
tration. Electric Machinery Mfg. Co., 1331 Tyler St., N. E., 


Prompt Minneapolis 13, Minn. 


Shipment 
on 
Specials 


PLASTICS LAMINATE INSULATION 


High pressure plastics laminate insulation (Tensilite 300) 
is claimed to have good physical and electrical properties. 
Temperature limitations of insulation is not to exceed 140- 


MANUFACTURERS SINCE 1929 erature lim I 
160 F. Fabrication with this material can be accomplished 


33 GREENE STREET. NEW YORK 13.N. Y. 
Tensile strength (psi) 

lengthwise 17,000 

crosswise 7,500 
Flexural strength (psi) 

lengthwise 25,000 

crosswise 15,000 
Compressive strength (psi) 35,000 
Bonding strength ; 650 
Maximum operating temperature (F) 140-160 
Moisture absorption 

24 hr—water 25 C 2.4% 
Dielectric strength (vpm) 

Short time ..- 500 

Step by step 400 
Power factor—1,000,000 cycles 0.04 
Specific gravity 1.35 





NON- 
INDUCTIVE 
MAX. RES: = Megohm (331 Alloy) 


.0 Megohm (Nichrome) 
30,000 Ohms (Manganin) 


BODY SIZE: 1” Ig. by 9/16” diam. 


TOLERANCE: STANDARD 1% 
(TO 1/10% at Slight Ex- 
tra Cost) 


MAX. RES: 750,000 ohm (331 Alloy) 
500,000 ohm (Nichrome) 
15,000 ohm (Manganin) 


BODY SIZE: 5/8” Ig. by 9/16” diam. 


TOLERANCE: STANDARD 1% 
; (TO 1/10% at Slight 


Extra Cost) 


ii 


by sawing, shaving, drilling, and punching. Punching can 
be done cold or warm. Other properties of insulation are 
given in table. Plastic Products Div., The J. P. Lewis Co., 
Beaver Falls, N. Y. 


SELF-BONDING ELECTRICAL TAPE 


Electrical insulating tape (Bi-Seal) is a blend of syn- 
thetic polymers which adheres to natural and butyl rubber, 
polyethylene and vinyl insulations. Manufacturer claims 


that the self-bonding property is such that when tape is 
applied under normal wrapping tension (without resorting 
to elevated temperatures) tape coheres to itself and other 
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RCA PREFERRED TYPE RECEIVING TUBES 


183-Gr 
SUG 18016 
$Y3-Gr 





The RCA List of Preferred Type Receiving Tubes fulfills the 


major engineering requirements for future receiver designs. 


Most likely to succeed... 
RCA preferred type tubes for AM, FM, and TV receiver designs 


HETHER IT’S GLASS, metal, or miniature— improved quality and greater uniformity. These 

RCA preferred type receiving tubes will serve _ benefits are shared by you and your customers. 
your major requirements for a long time to come... . 
and RCA preferred types are the tubes you can bank 
on for your future designs. 


RCA Application Engineers are ready to suggest the 
best preferred types for your receiver design require- 
ments. Just contact our nearest regional office—or 

These RCA receiving types are especially recom- write RCA, Commercial Engineering, Section 41 BR, 
mended because their wide-spread application Harrison, New Jersey. 


permits production to be concentrated on fewer types. 
Longer manufacturing runs reduce costs—lead to The Fountainhead of Modern Tube Development is RCA 


TUBE DEPARTMENT 


RADIO CORPORATION of AMERICA 


HARRISON, HM. J. 
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AL“HOLDS LIKE A 
VISE. SAVES SPACE 
AND MATERIAL." 


LEN..."NO 
PROTRUDING 
HEAD OR NUT” 


The Allenut* is the precision counterpart of Allen 
Hex-Socket Cap Screws. A ‘“‘ready-made” threaded 
hole, one end tapped to a Class 3 fit, the opposite end 
with a double hex socket for wrenching. Greater 
holding power, easier assembly, more compact design, 
all are made possible by the new Allenut*, now 
available from No. 4 to 1”, NC or NF threads. Here’s 
another instance to prove that the Allen distributor 
is the man to see first for the answer to a precision 
fastening problem. For technical information, write 
the factory direct. 


Popular sizes of Allen Hex-Socket 
Cap and Set Screws now standard 
and available in stainless steel from 
distributors’ stock. New methods, 
new alloys, new designs are con- 
stantly being investigated, and the 
best put to use to make every 
Allen socket screw, dowel pin and 
pipe plug the best money can buy. 


*Patent applied for 


POOR C RCE CER EET Tia S 


SERRE. 


Sold only through leading distributors 


: onnectTicut, V.>. 
MEW YORK, CLEVELAND, DETROIT, CHICAGO, LOS ANGELES 


insulation to produce a practically solid insulation which 
cannot be delaminated. Tape is said to have good resistance 
to acids, alkalis and water as well as good aging character- 
istics. It is thermally stable and resists instantaneous ther- 
mal shocks from —40 to 212 F without cracking. Dielectric 
properties as per ASTM: dielectric strength of 1065 vm, 


| power factor and dielectric constant at 60 and 1,000 cycles 


are 0.0027 and 4.3, 0.021 and 4.2 respectively. 
Gutta-Percha Co., 420 E. 25 St., New York 10. 


Bishop 


REPULSION START INDUCTION MOTORS 


High starting torque and low starting current are 


| obtained by simplified brush-lifting device incorporated in 





| 10. 


single phase repulsion start motors. Motors are intended 
for all types of refrigeration and air-conditioning applica- 
tions. They are made to standard NEMA dimensions in 
ratings from % to 1% hp, 50 or 60 cycle, 1725 rpm, and 


oe ee 


| 115/230 volts. Centrifugal mechanism entirely enclosed in 


chamber located behind molded commutator is designed to 
lift brushes from commutator when rotor attains approxi- 
mately 75 per cent of full load speed. Compact mechanism 


| without the conventional push rods and hinges, is claimed 
| to give a low brush and commutator wear. Other features 
| of design include a reduction in shaft length, better accessi- 


bility to brush ring and reversing mechanism. Motors are 
furnished in ball or sleeve bearings. Brown-Brockmeyer 
1000 Smithville Rd., Dayton 1, Ohio. 


SYNTHETIC RUBBER COMPOUND 


Butaprene-based synthetic rubber is said to withstand 
temperatures as low as —50 F for long periods without 
losing its flexible properties and to have good resistance to 
oxidation at high temperatures. It is intended for use in 


| refrigeration systems, aircraft, automotive and farm equip- 


| ment, outdoor lighting units, as well as marine equipment. 


Rubber can be extruded into channels; lathe-cut or punched 
into gaskets, washers, and grommets; and molded into any 


| practical shape. It has a permanent set of 4 per cent, a 
| specific gravity of 1.25 and a durometer hardness of 55. 


| 


Other features of compound are resistance to mineral, ani- 


| mal, and vegetable fats and to dilute acids, alkalis, petroleum 


products, hydrocarbons and solvents. By use of additives, 
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--- 10 TIMES EACH WAY! 


As one of the means of assuring you the very best quality 
wire, each Chase copper-alloy wire coil is subjected to this 
severe twist and reverse twist test. . 
cold-heading No seams, slivers or other surface physical defects can 
. hide from this searching test. And it’s just one of many! 
es thi | Y 
—_ . Chase wire for cold-headed products is also subjected toa 


ELING compressing or upsetting test that simulates a very severe 
GRU heading operation. 


S7 In addition, Chase wire must be uniform in surface tex- 
ture and color, have accurate dimensions, be precisely 

. And there’ h - i 
every d ay! tempered. And there’s a Chase copper-alloy wire for every 


need! Write the nearest Chase Warehouse or Service 
Office, and be sure of the best. 


(“hase BRASS & COPPER 


WATERBURY 91, CONNECTICUT SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


THIS iS THE CHASE NETWORK 
LS PU Ae ee URC Lee ae et Me ier tcl Ce ae 
Lia ee ea eae 


Chase wire for 
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Here’s a beer cooler, designed to hold ice 
and water, catch beer foam, and look at- 
tractive. Naturally it must have a corro- 
sion-resistant, indestructible, easy to clean 
surface, with negligible water absorption, 
and must not warp or distort, hot or cold. 
All these things at lower cost. That’s why 


it’s molded in one piece of gleaming black 


Ace hard rubber. 


Your designs too may profit from the 
distinctive advantages of the hard rubber 
or plastics compounds molded or extruded 
by Ace—for corrosion resistance is only 
one of many big reasons for selecting Ace. 
If you would like to know more about these 
Ace materials — where used, properties, de- 
sign hints, etc.— just write on your com- 
pany letterhead for the new 60-page Ace 
Handbook. 


: oer BE UCUMCH ss). Bf 
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butaprene type rubber can be supplied to meet specific con- 
ditions. The Stalwart Rubber Co., 197 Northfield Rd., Bed- 
ford, Ohio. 


HIGH SPEED SUBFRACTIONAL HP MOTOR 


Universal type explosion proof a-c motor (No. 100) 
intended for aircraft actuator duty is suitable for industrial 
applications. Motor is rated at 5,000 to 15,000 rpm under 
load and 10,000 to 40,000 rpm free speed. Output horse- 
power ranges from 1/200 to 1/100 for continuous duty, 
1/200 to 1/40 for intermittent duty; voltage range is 3 to 110 


volts. Maximum dimensions are 3% in. x 1%e in. x 1% in. 
excluding shaft extension; weight is 12.3 oz. Other features 
include (1) shielded brush caps to eliminate radio inter- 
ference (2) fungus and humidity proofed (3) ball bearing 
packed with ANG 25 grease for low temperature operation. 
Motor is available with noise filter, gear reduction to speci- 
fication, and any length and diameter of shaft. It is suitable 
for clockwise or counterclockwise rotation. Mission Electric 
Mig. Co., 132 W. Colorado St., Pasadena 1, Calif. 


SELENIUM RECTIFIERS 
Line of selenium rectifiers is available in the complete 
range from 2 volts and 150 ma to 5,000 volts and 10,000 
amp. The individual selenium plates are capable of with- 
standing a maximum of 24 volts (rms) in the reverse direc- 
tion and can be overloaded up to 10 times rated load for 
periods up to 7 sec. Plates range in size from 14% in. x 14% 


in. to 6% in. x 7% in., are assembled in interlocking arrange- 
ment between plate and insulating sleeve to prevent plate 
rotation or lug misalignment. Rectifier characteristics are 
said to be stable since leakage is less than 1 ma per sq cm 
at maximum reverse voltage. Efficiency varies from 65 to 
85 per cent depending upon the application; change in volt- 
age is stated to be less than 5 per cent up to 10,000 hr of 
operation. International Rectifier Corp., 6809 S. Victoria 
Ave., Los Angeles 43. 


CLUTCH-BRAKE 


Compact clutch-brake type servomechanism is intended 
as a component for computers, aircraft, process control, 
remote positioning, and similar applications. Principle of 
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HERE’S WHY 
NEOPRENE PRODUCTS DO 
SO MANY JOBS SO WELL 





They resist 
OXIDATION by air, oxygen, ozone— 
have outstanding resistance to aging. 


<j 


y) 






They resist 
HEAT—are exceptionally stable at 
temperatures up to 250° F. 





They resist 
SUNLIGHT AND WEATHERING—in a 
class by themselves in resistance to 
tubber’s worst enemies. 















They resist 
OILS, SOLVENTS, MOST CHEMICALS — 
set the standard for oil resistance 
throughout industry. 









They resis? 
ABRASION, CUTTING, CHIPPING —ore 
tough and durable under severe serv- 
ice conditions. 









FREE! THE NEOPRENE NOTEBOOK— 
Interesting stories... new,unusual applica- 
tions of neoprene, Write E. |. du Pont de 
Nemours & Co. (Inc.), Rubber Chemicals 
Division F-2, Wilmington 98, Delaware. 
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Cord on Vapomat Insecticide Sprayer resists solvents, 


oils and aging. 


2 a ee 


Cord and backing pad of Universal Electric Sander 


stand up under abrasion, flexing, and aging. 


That’s why 


Courtesy: West Disinfecting Co. 


Courtesy: Independent Pneumatic Tool Co. 






Courtesy: John Oster Manufacturing Co. 


Neoprene cord on Oster mixer resists deterioration 
from heat, fruit, acids, cleansers, fats, and hot, 
soapy water. 


makers of these quality tools and appliances 
use cords jacketed with NEOPRENE 


These manufacturers know it pays 
to use neoprene-jacketed cords on 
their tools and appliances. For cords 
that are protected with a jacket of 
neoprene resist all the deteriorating 
influences that cause early failure in 
ordinary cords. They know that a 
neoprene-jacketed cord assures long, 
dependable, trouble-free service. 


Hundreds of manufacturers, just 
as these, have found that it pays to 
specify neoprene-jacketed cord and 
other neoprene components. They 
realize that neoprene adds to and 
emphasizes the superior quality of 
their products. 





E. I. du Pont de Nemours & Co. 
(Inc.), Rubber Chemicals Division 
F-2, Wilmington 98, Delaware. 


Tune in Du Pont’s famous “Cavalcade of America” — 
Monday Nights —NBC Coast to Coast 


Tia) 


REG. U. 5. PAT.OFF 


Various types and forms. Send in your 
specifications; tell us what your problem 
involves. M. D. Hubbard Spring Co., 525 
Central Ave., Pontiac 12, Mich. 


H U B BAR D 


SPRINGS © STAMPINGS © WIRE FORMS © WASHERS © COTTERS 


BRAININ 
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CONTACTS 


PRECISION SERVICE... 


from Order to Delivery! 


Your production problems may be simplified when 
you consult an organization with a long record of 
sucessfully serving electrical manufacturers in all 
types of precision work. Whether you are seeking 
advice on new applications, redesign, or wish your 
own designs executed, send us your requirements, 
and they will receive our most careful attention. 


Extra KNOW-HOW 


for your specific design problems 


THERMOSTATIC BIMETAL 


TAL PR R ELECTRICAL MANUFACTURERS 
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device is said to give accurate servo performance. Speed 
and torque outputs are claimed to be larger than other 
servomechanisms of comparable size and weight. Input is 
supplied to side gearing, allowing for convenient stacking 


of several servomechanisms from one input shaft. Output is 
taken from center shaft. Available separately or as a complete 
packaged unit with suitable amplifier for operation from 
power sources of various frequencies and voltages. Buehler 


& Co., 1607 Howard St., Chicago 26. 


LINEAR BALL BEARING 


Linear motion ball bearing (trademarked Ball Bushing) 
a form of bushing with ball bearings, is suitable for use on 
guide post, guide rods, reciprocating shafts, or any mech- 
anism moving in a straight line. Unit is said to reduce 
friction and permit higher operating speeds. When used 


in place of bulky wheel and track arrangements or plain 
bushings, a considerable reduction in overall size of entire 
mechanism is claimed. Bearing parts are made of case 
hardened steel; shaft diameters available: % in., % in, 
¥% in., and 1 in. Thomson Industries, Inc., Manhasset, 
ic Reg es 


HIGH VOLTAGE MOTOR STARTERS 


Totally enclosed starter (Valimitor) for Class I, Group 
D hazardous locations is suitable for squirrel-cage, syn- 
chronous, and wound-rotor motors. Starter includes a self- 


is 


contained oil immersed disconnect switch, and is designed 
for motors up to 600 hp at 2,300 to 4,600 volts, 60 cycle 
service. Maximum rating on 25 cycles is 300 hp at 2,300 
volts and 250 hp at 4,600 volts. Unit provides short circuit 
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American Quality Springs 


DO A BETTER JOB! 


@ These two photographs help to point out the wide 
variety of products for which we make springs. 
Included in the list are bicycles and bird cages . 


clutches and door checks . . . gates and gasoline engines 
. . . typewriters and umbrellas . . . washing machines 
and window shades. .. and hundreds of other products. 

The mechanical perfection of our American Quality 
Springs that enables them to do a better job is not a 
matter of pot luck! For our spring engineers carefully 
analyze the basic spring design factors of load, deflec- 
tion, and space. And, they use those factors to determine 
the stress, spring diameter, wire size, material, rate, solid 
height and free length. 

Our vibration engineers have complete and modern 
equipment for testing all types of springs in fatigue and 
under the dynamic conditions to which they may be 
subjected. 

Our metallurgical engineers make every effort to keep 
pace with all mechanical developments... and to keep 







our spring wire free of defects. 

Further, we don’t believe in furnishing customers 
with springs that are “overpowered.” In other words, 
we don’t recommend stainless steel or special alloy steels 
when ordinary carbon steels would do the job. 

So whether you are producing journal boxes or cash 
registers—baby carriages or clocks—whether you need 
giant hot-wound coil springs or tiny open-wound helical 
springs—springs of special design or some of the more 
common types, why not get in touch with us? We be- 
lieve we can give you better springs and spring engineer- 
ing service which will help you make a better product. 


AMERICAN STEEL & WIRE COMPANY 
GENERAL OFFICES: CLEVELAND, OHIO 


COLUMBIA STEEL COMPANY, SAN FRANCISCO 
PACIFIC COAST DISTRIBUTORS 


TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM 
SOUTHERN DISTRIBUTORS 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


AMERICAN QUALITY SPRINGS 
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WET PROCESS PORCELAIN 


FOR YOUR PRODUCTS | 


Making the best wet pro- 
cess porcelain is possible 
only through combining 
special skills, equipment, 
highly trained personnel 
and the lessons experience 
teaches in producing every 
conceivable type of in- 
sulator. 

That’s why PORCELAIN 
PRODUCTS’ Specialists 
are experts in speeding 
production, cutting costs, 
analyzing your design 
problem to give top econ- 
omy and insulation values. 
Send your inquiries today 
along with prints and speci- 
fications. 


r 


, 


\ 


la i Ma LA 


PARKERSBURG, WEST VIRGINIA 


protection ; magnetic contactor with 50,000 kva interrupting 
capacity, gives required protection. Regardless of the avail- 
able kva of power system, a fault current in motor circuit 
is limited to 25,000 kva steady state current. Unit contains 
overload relay panel which gives inverse time element pro- 
tection for prolonged overloads and trips instantly on short 
circuits. The Electric Controller & Mfg. Co., 2700 E. 79 
St., Cleveland 4. 


CLEANER AND COATING COMPOUND 


Combination cleaner and phosphate coating material 
(Detrex 79) is a yellow, non-corrosive compound in dust- 
free powder form. It is used in heated water solutions at 
low concentrations for producing a light crystalline phos- 
phate film on steel and other ferrous metals to provide a base 
for paint coating. Solution may be used in open tanks or 
continuous spraying machines either in single or multiple 
stage. Time required for application in either method is one 
minute spray contact or immersion contact. Detrex Corp., 
P. O. Box 501, Roosevelt Park Annex, Detroit 32. 


Laboratory and Engineering 


Equipment 
HIGH VOLTAGE CATHODE-RAY OSCILLOGRAPH 


Cathode-ray oscillograph (248-A) normally operated at 
an accelerating potential of 2,000 or 4,000 volts with own 
internal power supply may be operated at 14,000 volts with 
addition of external voltage supply. Deflection factor at 
14,000 volts with external power supply is 0.15 rms volts per 
in., whereas at 4,000 volts factor is 0.10 rms volt per in. 
With the higher accelerating potential, unit permits obser- 


vation and photography of high speed transients and pulses 
of low repetition rates; it can also be used as a projection 
oscillograph. Photographic writing rates of 69 in. per micro- 
second can be recorded. Other features include high fre- 
quency recurrent sweeps, timing oscillator, and a signal- 
delay network that permits initiation of driven sweep before 
the signal appears on screen. Primary power: 115 volts, 50 
to 400 cps, 550 watts. Allen B. Du Mont Laboratories, 
Inc., 1000 Main Ave., Clifton, N. J. 


FM-AM SIGNAL GENERATOR 


Compact FM and AM signal generator provides both 
audio and rf output, with rf range from 100 ke to 170 me. 
The six-band rf output provides complete AM coverage 
from 100 ke to 110 mc, including all fundamental fre- 
quencies; beat oscillator extends this range to 170 me 
for FM use. Generator is intended for precision align- 
ment work, laboratory and radio servicing. Unit features 
the cathode-follower rf output coupling system which 
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Sa 
“NOFLA RESISTANT food" 


the 4 HEAT-R 


approved by Underwriters Laboratories at 


O 
Vv Flame Resistant V Heat Resistant 
CENTIGRADE 600 voirs High Dielectric VJ Easy Stripping 


Manufacturers of Vacuum Cleaners, ¥ High Insulation Resistance 


Refrigerators, Electric Fans, Business on og: ; 
Machines and any other appliances, Vv Facilitates Positive Soldering 


should know about the exceptional 
performance of our Underwriter V Also unaffected by the heat of 


Approved ‘‘NOFLAME-COR” for use impregnation— therefore, ideal 
where immunity to heat is of ex- for coil and transformer leads 
treme importance. Immediate deliv- 
ery. All sizes. Solid and stranded. 
Over 200 color combinations. Write 
for engineering data and samples. 


“made by engineers for engineers” 


605 North sieht dah ae 15 ea vn New York Fa N.Y. KYA heute: Ledger Bldg 
idole (nm Philadelphia 6 


MANUFACTURERS OF QUALITY WIRES AND CABLES FOR THE ELECTRICAL AND ELECTRONIC INDUSTRIES 
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NEW CATALOG 


Send Now .. . FOR YOUR FREE COPY 


Just off the press. 


Contains complete listings of Comar 


relays, transformers, coils, switch assemblies, cable connec- 


tors, terminal strips, etc. 
copy on your letterhead. 


Handy. Valuable. Request a free 


COMAR ELECTRIC CO. 
| WANUFACIURERS OF ELECTRICAL CONTROL DEVICES 


3148 N. Washtenaw Ave., Chicago 18, ill. 


light 
sockets 


for 
NEON 


lamps=—~_ 
At last! Neon lamp users! — 
can get sockets for all 


miniature bayonet, can- 
delabra screw, and single 
and double contact can- 


delabra bayonet neon 


lamps — from DRAKE! 
jad 

ety of mounting brackets 
makes it easy to adapt to 
your application. If ex- 
ternal current limiting re- 
sistors are needed, they 
are built-in with #101N, 
can be supplied to order 
with aan of other 


Drake’s wide vari- | 


Poy ee EES 


If you aren’t now getting neon ad- 
vantages—low space factor, ex- 
treme long life, low power con- 
sumption—the availability of the 
complete DRAKE line may make 
it worth your while to consider a 
change (where lamps are used for 
signal pu » not for illumina- 
tion). ell us your problem—we 
can help you, and at low cost. 


%& Send today for Drake's Catalog M! 


MANUFACTURING COMPANY 


1711 


WEST HUBBARD ST. * CHICAGO 22, ILL. 





affords good isolation for rf oscillators and improves 
frequency stability of signal generator. Other features 
include shielded and filtered power line leads to reduce rf 
leakage and radiation to a minimum; two rotary controls 
(the multiplier and attenuator) to simplify complete control 
of rf output, from highest to lowest amplitude; built-in 
audio modulator which furnishes a 400 cycle audio output 
of good wave shape. Provided with auxiliary vernier 
scale to permit resetting to within %o of a division. Cali- 
bration accuracy is within + 1 per cent of scale reading. 
Philco Corp., Tioga and C Sts., Philadelphia 34. 


HIGH VOLTAGE VOLTMETERS 


Multi-range kilvoltmeters (Series 121) are designed 
with full scale ranges of 15 to 30 and 25 to 50 kv. Input 
resistance of voltmeters is constant on both ranges, sensi- 
tivity is approximately 50,000 ohms per volt on lower 
range and 25,000 ohms per volt on higher range. Meter 


movement is 20 microamperes full scale, resistor shunted 
for both ranges. Voltmeters are intended for use in tele- 
vision field and also nuclear physics research, electro- 
static precipitation measurements, and related applications. 
Safety features include lucite handle which permits con- 
nection of meter to high voltage source without turning 
high voltage power supply “on” and “off”, and high 
voltage leads permanently connected to meter with high 
side imbedded in wax. Beta Electronics Co., 1762 Third 
Ave., New York 29. 


VIBRATION METER 

Electrical instrument 
(Model GA-1006) is de- 
signed for measuring me- 
chanical vibrations over the 
frequency range from 10 
cycles to 20 kc. Unit is also 
adaptable for use as a wide 
range sound pressure meas- 
uring instrument for conven- 
tional low level measure- 
ments as well as for blast 
wave analysis of explosions 
or other intense sounds. 
Sturdy accelerometer is employed whose output is linearly 
proportional to mechanical vibration corresponding to 
accelerations ranging from less than 0.001 g to more than 
100 g. Accelerometer responds to vibrations applied along 
its principal axis, thus measuring the absolute vector compo- 
nent of any vibration at any point on structure under test. 
Since the phase shift between mechanical vibration and the 
generated electrical voltage is independent of frequency 
over entire frequency range to 20 kc, accurate transient 
vibrations are said to be electrically reproduced without 
changes in wave shapes. Unit combines the accelerometer 
with a preamplifier which is supplied with long cables for 
remote electrical indications. Self contained power supply 
makes unit portable. Massa Laboratories, Inc., 3868 Car- 

negie Ave., Cleveland 15. 
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Series universal motor parts 
specially designed for food- 
mixers and sewing machines. 


Ruggedly designed motor with triple 
thread worm gear reduction for vend- 
ing machines, advertising displays 
and similar applications. 


Hair dryer motor . .. used where 
space factor and performance re- 
quirements are most exacting. 


Series universal motor with Inbuilt 
gear reduction and drive shaft at 
right angles to armature shoft, 
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Thorough study of a product and its operating 
conditions is the preparctery step in-the design 
of Lamb Electric Motors. 

The ssi iisic is wccsiabeiang thee lebesoieieis Wie 
the electrical and mechanical characteristics re- 
quired for the particular application. 


manufacture and rigid inspection and testing. 
provides the high standard of performance for 
which Lamb Electric Motors are known. : 


THE LAMB ELECTRIC COMEAM 
KENT, OHIO 


Universal motor, with shaft carried 
on double row ball bearings; devel- 
oped for use as a high-speed grinder. 


Light-weight universal motor with 
efficient spur geor speed reducer. 
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A new type of calculator keytop that adds much to 
the smart styling and functional design of the unit is 
molded by AUBURN for the Marchant Calculating 
Machine Company. 

Molded of Tenite II by a double shot injection mold- 
ing technique, the two-tone keytops are produced as 
one piece with nothing to wear off or come apart. 
Characters, in contrasting colors, are flush and cannot 
be effaced ... and there are no surface depressions to 
gather dust. 

The keytops are also molded in different colors with 
varying shapes to increase the operator’s speed and 
accuracy. 


A new idea in permanent, dust-proof window displays 
has been translated into plastics by AUBURN for the 
Niagara Lithograph Corp., patentee. 


It is a small (approximately 
7” x 8”) transparent case de- 
signed to hold the merchan- 
dise, in its own open case, 
directly to the inside of the 
dealer’s display window. 
Special cement applied to a 
groove molded into the 
flange on the openend makes 
a strong seal between win- 
dow and case. 


Injection molded in a single cavity mold, it is an 
acrylic plastic, chosen for its stability at extreme tem- 
peratures, its imperviousness to sunlight and its com- 
parative disinclination to attract dust particles. 


AU BURN molds all types of plastics by any 
modern molding method. When you have problem 
in plastics, AUBURN'S 73 years of experience is at 
your service. Write: Auburn Button Works, Inc., 460 
McMaster St., Auburn, N.Y. 


Auburn Button Works, Inc. 
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Dr. Cledo Brunetti, formerly chief of the engineering elec. 
tronics section in the National Bureau of Standards, has joined 
Stanford Research Institute as associate director. Dg) 
Brunetti has had a leading part in development of t . 
radar-guided bomb, radio-proximity fuse and printed cir 
cuits. He is an internationally well known inventor ang 
is author of technical publications and textbooks. A mems 
ber in the IRE and four honorary technical societies. 


SENS Se 


Dr. Cledo Brunetti Dr. Harry F. Miller 


Dr. Harry F. Miller has been appointed engineer of Pitts 
field Works Laboratory, General Electric Transformer and 
Allied Products Division, succeeding A. McK. Gifford who 
has retired after 45 years of service. Dr. Miller joined thé 
company in 1936, taking charge of the chemical section if 
1941, becoming assistant engineer of the laboratory in 1948) 


J. C. Fink was appointed manager of the industry engi 
neering department of Westinghouse Electric Corp., Pitts4 
burgh. Mr. Fink was made manager of the general mill 
section of the department in 1945, remaining in that position 
until his present appointment. 

Later announcement includes the appointment of Leonard] 
H. Loufek as industrial manager of the central district for 
the company. Mr. Loufek is a member of the Engineering! 
Society of Western Pennsylvania. 


Sidney A. Whitt was elected vice president of engineering 
for Cordley & Hayes, N. Y. Mr. Whitt was previously 
director of engineering. He is a member in ASME, ASRE, 
ASHVE, and several other societies. 


William A. Wildhack has been named chief of missilé) 
instrumentation section of the Electronics Division, Na 
tional Bureau of Standards, responsible for the direction 
of flight tests of guided missiles and the development of 
equipment for evaluating performance. Mr. Wildhack 
is the inventor of the variable-tension spring transducery 
and numerous inventions pertaining to measuring instru-j 
mets. He is a member in the American Physical Society, 
Washington Academy of Sciences, IAS and AAAS. 


Appointment of Frank D. Peltier as director of engineering, 
appliance division of engineering department, Philco Corp., 
Philadelphia, was announced by David B. Smith, vice 
president of research and engineering. Mr. Peltier joined 
the company in 1939, having been responsible for the de- 
velopment of refrigerators, home freezers, and air condi- 
tioners. 

Coincident appointments include Theodore W. Rundell as 
chief engineer responsible for the design engineering of 
refrigerators; Matson C. Terry as chief engineer in charge 
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Lubrication — Sealing — Insulating — Cushioning — Anti-Rattle 
Anti-Squeak — Sound Absorption — Polishing — Silencing — Washers 
Gaskets — Liners — Channels — Weatherstrip — Packing — Filtration 


1 FAN BEARING OIJLER. “2 WATER PUMP PACKING AND OJLER.. 3 GENERATOR BEARING SEALS. 
4 GENERATOR AND STARTER LUBRICATING WICKS. 5 OJL FILTER 6 BATTERY POSITIVE TERMINAL 
ANTI-CORROSION WASHER. (7 BRAKE BOLT OILER. 8 STEERING KNUCKLE TO TIE ROD DUST SEAL 
AND FLANGE JOINT SEAL. “9 STEERING ARM BEARING OJLER. 10 FRONT WHEEL BEARING SEAL 
11 WHEEL BRAKE SHOE OILER. 12 CARBURETOR. 13 STEERING COLUMN GROMMET. 14 TRANSMISSION 
OTS Za ZN CALM SOS Le) oO 
BOARD AND FLOOR BOARD LINER. “17 CLUTCH HOUSING PAN DUST SEAL. 18 BODY TO CHASSIS STRIPS 
19 WINDSHIELD WIPER PIVOT ARM MOUNTING. 20 WINDOW LIFT LUBRICATORS. ‘2% DOOR PANEL 
INSULATOR. @2 FLOOR BOARD PARTS. 23 UNIVERSAL OIL SEAL. 24 TURRET TOP INSULATION. 
25 WINDOW RUN CHANNEL. 26 REAR AXLE DRIVE SHAFT SEAL. @7 AXLE PINION DRIVE BEARING SEAL 
28 UPHOLSTERY RISER STRIPS 29 SPRING COVER LINING. (@@ REAR PANEL WEATHERSTRIP 

4) FUEL TANK STRAP GASKET. 
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American Telt 
Com 


TRADE 


(10 


GENERAL OFFICE: GLENVILLE, CONN. 
Engineering and Research Laboratories: Glenville, 
Conn. PLANTS: Glenville, Conn.; Franklin, Mass.; 
Newburgh, N. Y.; Detroit, Mich.; Westerly, R. 1. 
SALES OFFICES: New York, Boston, Chi ° 
Detroit, Cleveland, Rochester, Philadelphia, 
St. Louis, Atlanta, Dallas, San Francisco, Los 


Write for $.A.E. Data Sheet No. 5, containing samples Angeles, Portland, Seattle, Montreal. 
and full specifications of the standard S.A.E. Felts. 





Some Additional Applications of Felt: Clutch release link lever oiler * Window anti-squeak * Fuel tank support lining * Brake shoe anchor pin 
washer * Drag link dust cover * Intermediate steering orm bearing seal * Windshield wiper motor washer * Toe and floor board anti-squeak * 
Solenoid cover gasket * Heater core to housing filler * Spindle bolt grease retainer * Spindle bolt dust washers * Radius rod felt * Hydraulic lift spring 
seat * Door bumpers * Pedal pads and seals * Dash liners * Oil retainers * Polishing felts, for glass, metal and paint * Door liners * Ventilator valve seals 
* Weather seals * Hood lace filler * Moulding shim * Timing gear cover pad * Accelerator rod pad * Fuel tank shim * Propeller shaft spline oiler * 


Point filter bags * Crankcase oil filter cop * Brake dirt seals * Defroster control valve seal * Hand brake cable clamp seal * Windshield division filler * 
Pinion bearing retainer packing * Horn wire locator felt * Oil sabre dust washer * Fender welt felt * Spring oiler felt * Spring bumpers * Gas filling 
Protector pads * Rocker arm seals * Chafing strips for convertible tops * Upholstery padding * Radio selector pads * Thrust bearing inserts * Cab 
roof lining * Antenna weather seal * Blankets for protection during assembly and service * Factory table pads * Glycerine pads for windshield wipers ° 


Entire Advertisement © 1948, American Felt Co 





verly-Hautz All Steel adjustable 
motor slide bases are manufactured to fit NEMA 
standard motor frame sizes 203 to 505. Other 
sizes can be made to specification. 


Each Overly-Hautz motor base is shipped 


ready for installation including cadmium plated 


bolts for mounting motor. 


of single-room air conditioners; Edward L. Hart as acting 
chief engineer responsible for the development of home 
freezers. Palmer M. Craig was appointed director of engi- 
neering, electronics division of the engineering department, 
Philco Corp., Philadelphia. Mr. Craig served as chief 
engineer in charge of radar and military radio development 
during the war, was made chief engineer of the radio diyj- 
sion in 1943, 

Concurrent appointments include Sterling C. Spielman as 
chief engineer on television receiver development; Luke €, 
Closson as chief engineer on home radio design; Arthur Y, 
Nichol as chief engineer on development of auto radio; Dr, 
James F. Koehler as chief engineer on design of specialized 
government and industrial electronic equipment; Bertram P, 
Haines as chief mechanical engineer on mechanical develop- 
ment work for electronics division. 


Wylie Brown Whipple Jacobs 


Wylie Brown, formerly president of Phelps Dodge Copper 
Products Corp., with headquarters in Yonkers, N. Y., has 
been elected chairman of the board of directors and will 
continue as chief executive officer of the company. He is 
succeeded by Whipple Jacobs who has resigned from Belden 
Mfg. Co., Chicago. Mr. Jacobs joined Belden in 1914 and has 
been president since 1939. 


Charles S. Craigmile, formerly executive vice president, 
was elected president of Belden Mfg. Co., Chicago, succeed- 
ing Whipple Jacobs who has resigned to become president 
of Phelps Dodge Copper Products Corp., New York. Mr. 
Craigmile started with Belden in 1915. He was made a 
member of the board of directors in 1939 and executive 
vice president in 1942. Arthur L. Wanner, treasurer since 
1936 was elected vice president and treasurer of the com- 
pany. 


Richard M. Somers, formerly assistant chief engineer, was 
appointed chief engineer of the Ediphone Division of 
Thomas A. Edison, Inc., West Orange, N. J., succeeding 
Samuel G. Langley who will assume the duties of consult- 


| ing engineer to the division. Mr. Somers is a member of 


the AIEE, IRE, the New Jersey Society of Professional 
Engineers, and the National Society of Professional Engi- 
neers. Henry S. Carlson who joined in 1911 becomes assist- 
ant chief engineer of the division. 


Minnesota Mining & Mfg. Co., St. Paul, Minn., has an- 
nounced the appointment of Dr. W. W. Wetzel, formerly 
assistant director of company’s central research labora- 
tories, to technical director for the magnetic recording tape 
unit. Dr. Lew W. Cornell was made assistant research di- 
rector. 


Harold F. Smiddy has been elected a vice president of the 
General Electric Co., Bloomfield, N. J. Mr. Smiddy will 
continue as general manager of the company’s air condi- 
tioning and chemical departments. 


Colonel Grant A. Williams has joined the International 
Telephone and Telegraph Corp., N. Y., in charge of the 
company’s interests in the Middle East. Colonel Williams, 
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lr you are concerned about an actual or anticipated 
metal shortage, you can find the practical solution 
in versatile Masonite Presdwood. Scores of manu- 
facturers in varied industries have turned to this 
remarkable hardboard, fabricated by Woodall, for 
many of their shapes, parts and sub-assemblies. 


Woodall is designing, fabricating and 
supplying Presdwood parts for automobiles, 
radios, refrigerators, washers, trains, furniture 
and hundreds of miscellaneous products of 
all kinds and sizes. 


Even if you feel you are not faced with a 
material problem it will pay you to find 
out about the advantages of Presdwood 
and the facilities of Woodall. You may 
discover a more practical, economical 
answer to both your material and 
production requirements. 


Call or write Woodall Industries, Inc., 
7567 McNichols Rd., Detroit 5, Mich. 


*In addition to Presdwood, Woodall 
fabricates other sheet materials as 
determined by the application. Twenty- 
nine years of research and engineering 
experience underwrite Woodall’s 
fabricating ability. 


Jase sve 


Plants in: LONG ISLAND CITY. N.Y. © CLEVELAND, 0. * DETROIT, MICH. * MONROE, MICH. * CHICAGO, ILL. * LAUREL, MISS. 
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THE RAJAH SOLDERLESS 


SNAP TERMINALS 


Used Extensively by Manu- 
facturers of Oil Burners, 
Radio, Testing Devices Ma- 
chines, Appliances and Equip- 
ment. 


The complete terminal consists of two 
parts—the base stud (male) which can 
be furnished tapped for 6/32”, 8/32”, 
10/32” or 10/24” machine screws—and 
the spring snap terminal (female). 


The base stud is fastened to panel or 
electrode of the sparking plug, the spring 
snap terminal is fastened to the ignition 
cable. 


Merely push the terminal on the base 
stud, and it snaps into place making a 
positive electrical connection. To re- 
move just pull it off; no screws to bother 
with, no springs to bruise fingers 


Write ioday for descriptive folder illustrating our complete 
line of terminals, nipples, tools, base studs, etc. No obligation. 


THE Rajah co 


TRADE MARK 


BLOOMFIELD te Bl at) 


veh wut KENYON 


KENYO one of the oldest names in 

transformers, offers high 
quality specification transformers cus- 
tom-built to your requirements. For 
over 20 years the KENYON “'K’’ has 
been a sign of skillful engineering, 
progressive design and construction. 


KENYON now serves many leading 


companies including Times 
Facsimile Corporation, Schulmerich 
Electronics, Sperry Gyroscope Co., Inc., 
Western Electric Co., General Electric 
Co. Yes, electronification of modern 
industrial machinery and methods has 
been achieved by KENYON’S engi- 
neered, efficient and conservatively 
rated transformers. 


For control purposes, for rectifiers, for 
voltage changing, for line isolation, as 
built-in components, specify KENYON! 


Your inquiries invited. 


Write today for information. 


BEC Ta CRU 


PE CUR DUOMO i2 a 


a pioneer in development of communications for armored| 
units was instrumental in establishing specifications for! 
radio equipment used by armored forces. 


Webb R. Phillips is now associated with Larkin Lectro® 
Products Corp., N. Y., as chief engineer. Mr. Phillips hag 
had a wide background in the design of power and distribution | 
transformers. 


Thomas B. Weichel, formerly of the U. S. Bureau of 
Mines, is now associated with Hazard Insulated Wire} 
Works Division of The Okonite Co., Wilkes-Barre, Pa,’ 
Mr. Weichel will serve as technical and sales consultant) 
in developing cable designs suitable in the electrification 
of mines. He has been an active member in AIEE, ASA, 
and the American Mining Congress. 


Wallace C. Husted was elected executive vice president! 
of Chase Brass & Copper Co. Prior to present position) 
Mr. Husted was general manager in charge of both produce 
tion and sales. 


William Seymour, Jr. has been elected vice president of 
Joseph T. Ryerson & Son, Inc., Chicago. C. L. Hardy 
and Thomas G. Miller have been named assistant vice 
president and secretary respectively. 


Harry B. Miller has been 
Money-Meters, Inc., 
and development. 


appointed chief engineer of 
Providence, R. I., in charge of design 


Louis G. Pacent, Jr. has been advanced to vice president 
in charge of manufacturing of Radio Speakers, Inc., Chi- 
cago, subsidiary of Emerson Radio and Phonograph Corp, 
N. Y. Prior to recent appointment, Mr. Pacent was plant} 
manager of the Chicago company. = 


o 
COMPANY BRIEFS ' 


y 


Cornell-Dubilier Electric Corp., South Plainfield, N. J., has 
announced the purchase from Maguire Industries, Inc., of 
the Radiart Corp., Cleveland. The Radiart plants will be 
operated as a separate division of the corporation. Officers 
are: Octave Blake, president; L. K. Wildberg and Verne 
Mitchell, vice presidents; and C. A. Staub, treasurer and 
assistant secretary. 


Sylvania Electric Products Inc., Emporium, Pa., has pur- 
chased the 98,000 sq ft plant at Seneca Falls, N: Y., for- 
merly occupied by Rumsey Pump Co. Plant will be equip- 
ped for television tube production. 


Establishment of Stewart-Warner Electric Division as 4 
separate integrated division of the corporation, was an- 
nounced by Stewart-Warner Corp., Chicago. New division 
will handle radio and television set production and distri®y 
bution. Sam Insull, Jr., a vice president of the corporationg 
has been designated division head. 


Furst Electronics, formerly of 800 W. North Ave., Chi- | 
cago, have moved to enlarged quarters at 12 S. Jefferson® 
St., Chicago. 


Spencer Thermostat Co., Attleboro, Mass., becomes Spencet 
Thermostat Division, Metals & Controls Corp., of which it has? 
been a wholly owned subsidiary for many years. 


Slater Electric and Mfg. Co., Inc., Woodside, N. Y., havé 
announced the completion of a $50,000 addition to plant] 
to increase production facilities. 


New $18,000,000 research laboratory of the General Elec- § 
tric Co. is scheduled for completion in 1950. Laboratory} 
located at the Knolls in nearby Niskayuna, N. Y., will be] 
headed by Dr. Whitney. First section was formally opened @ 
in December 1948. 

Opening of new $2,500,000 plant at Circleville, Ohio, 
for the manufacture of fluorescent lamps was announced 
by the Lamp Department of the General Electric Co. Plant 
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: Ta give ws a helay tha. 


Tough relay problems are 
everyday routine with CLARE engineers 





CLARE customers include some of the biggest 
names in the American industry... and many 
smaller concerns...whose engineers have sought 
and found in CLARE experiment and research 
the answer to unusual and difficult relay problems. 


The decision to “put it up to CLARE” often saves 
untold hours of experiment, trial and error and 
sometimes costly delays. Many who get in touch 
with CLARE find our engineers have already 
solved their problem for somebody else. 


CLARE leadership in the industrial relay field 

has been achieved by the ability of CLARE en- 

Gad }S gineers to approach any and all relay problems 
Teele with a completely open mind. No problem of 
relay size, shape or operating characteristics but 

finds them ready and anxious to cooperate in 


its solution. 







There is a CLARE sales engineer located near 
you...as close as your telephone. If your pro- 
blem involves relays, why not take advantage of 
CLARE experience with every type of relay re- 
quirement. To do so may easily save you time 
and expense. Look for CLARE in your classified 
telephone directory, or write: C.P.CLARE & Co., 
4719 West Sunnyside Ave., Chicago 30, Illinois. 
In Canada: Canadian Line Materials, Ltd., To- 
ronto 13. Cable address: CLARELAY, 


CLARE 
RELAYS 


First in the Industrial Field 


WESTERN 
UNION 








The sensational Durakool performance comes from 
a sealed, all-metal case containing hydrogen ges 
under pressure. As the switch operates, the usual 
arc is quenched by the gas, reducing heat and 
corrosion to an absolute minimum. Durakools stay 
cool and endure for millions of make and break 


contacts. 


Tough jobs, rough jobs. Where ordinary switches fail, Durc- 
kools take over. 

Durakools are non-breakable, non-arcing. Seemingly they 
last forever. 

Over 5600 known applications range from midget humidity 
controls to massive construction jobs. 

Technical data and performance records supplied on request. 
Use your own letterhead or merely mail the coupon below. 


DURAKOOL, INC. - ELKHART, INDIANA 


Canadian Representative 
CONTROLITE ENGINEERING & SALES, LTD., TORONTO 5, ONTARIO 
e 


VI 


wane 


SSSSSSSSSGSe 


USE THIS HANDY COUPON 
Durakool, Inc., 1010 N. Main St., Dept. 00, Elkhart, Indiana 


Please send us detailed information on how Durakools can fit our needs. 


Name 





Firm 

Address 

City 

Our interest is in maintenance 





Relays ["]_ Switches [] 
Relays [] Switches [1] 


We install on equipment for resale 
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consists of a one-story building having approximately 200,- 
000 sq ft of floor space. Edward G. Grigg has been made 
manager of the lamp works. 


Joseph T. Ryerson & Son, Inc., Chicago, have begun con- 
struction of 118,000 sq ft addition to Chicago plant; com- 
pletion is scheduled for November 1949, 


ASSOCIATIONS AND SOCIETIES 


McDaniel Elected Chairman 

John F. McDaniel, manager of the refrigerator department, 
Hotpoint, Inc., has been elected chairman of the household 
refrigeration section of NEMA for 1949, 


Frederick Leads PMMA 

Dr. D. S. Frederick, of Philadelphia, vice president of the 
Rohm & Haas Co., was elected president of the Plastic Materials 
Manufacturers Association, Inc., at the annual meeting. Felix 
N. Williams, of Springfield, Mass., vice president of the Mon- 
santo Chemical Co. and general manager of its plastics division, 
was elected vice president of the association. F. H. Carman was 
re-elected secretary-general manager. 


Calendar of Meetings 


Jan. 31-Feb. 4—1949 Winter General Meeting, Amer- 
ican Institute of Electrical Engineers, New York City. 


Feb. 3-4—Tenth Annual Industrial Electrical Equip- 
ment Exposition, Electric Maintenance Engineers, 
Milwaukee. 


Feb. 28-Mar. 4—1949 Spring Meeting and Committee 
Week, American Society for Testing Materials, Edge- 
water Beach Hotel, Chicago. 


Mar. 7-10—1949 National Convention, Institute of 
Radio Engineers, New York City. 


Mar. 13-18—W inter Convention, National Electrical 
Manufacturers Association, Edgewater Beach Hotel, 
Chicago. 


Mar. 27-Apr. 1—115th National Meeting, American 
Chemical Society, San Francisco. 


Mar. 29-Apr. 1—Third International Lighting Expo- 
sition, Industrial and Commercial Lighting Equip- 
ment Section of The National Electrical Manufactur- 
ers Association, Stevens Hotel, Chicago. 


Apr. 11-12——Conference on the Industrial Application 
of Electron Tubes, American Institute of Electrical 
Engineers, Statler Hotel, Buffalo, N. Y. 


Apr. 11-16—Sixth Western Metal Congress and Ex- 
position, The American Society for Metals, Shrine 
Auditorium, Los Angeles. 


Apr. 19-21—Southwest District Meeting, American 
Institute of Electrical Engineers, Baker Hotel, Dallas, 
Tex. 

Apr. 25-27—Fourth Annual Spring Meeting, Insti- 


tute of Radio Engineers and Radio Manufacturers 
Association, Benjamin Franklin Hotel, Philadelphia. 


May 15-19—Silver Anniversary Convention and An- 
nual Radio Parts Industry Trade Show, Radio Manu- 
facturers Association, The Stevens Hotel, Chicago. 


May 16-20—National Oil Heat Exposition and An- 
nual Convention, Oil-Heat Institute of America, Me- 
chanics Hall, Boston. 


May 26-27—National Meeting, Society of the Plas- 
tics Industry, Inc., Edgewater Beach Hotel, Chicago. 
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Build more ‘’SELL’’ into your product with 


NOW 


PREEN-X 
re NOW Mea 





HEATER CORDS 


From now on you'll hear a lot about 

the amazing new General Electric 

Preen-X heater cord. It’s the heater 

cord that has more than ten times the 

abrasion resistance of ordinary heater 

cords — a heater cord that has no loose braid, nothing 
that can fray. 

General Electric Preen-X heater cord eliminates 


annoying kinking — resists hard usage, water and oil. 


It’s the kind of cord you’ve wanted for your product. 


And it’s available now in this brand-new General Electric 
cord set complete with the smart, G-E “400” plug. 

For more information on the new G-E Preen-X cord 
with the colorful “400” plug, contact the General Elec- 
tric Accessory Equipment district representative in your 
area, or write to Section Q39-222, Construction Mate- 
rials Department, General Electric Company, Bridgeport 


2, Connecticut. 
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RADIOS, FANS, CLOCKS, and other 
light-duty appliances get a real sales 
boost when they’re equipped with the 
smart General Electric Flamenol* 
cord set. This tough, good-looking 
cord set comes in brown or ivory, 
with the durable plastic plug firmly 
molded onto the Flamenol cord. 
Order them in six-, eight-, or eleven- 
foot lengths, stripped and ready to 
be mounted on your product. As an 
extra merchandising aid, you can 
obtain the bright, G-E Flamenol tag 
to display on every item equipped 
with the General Electric Flamenol 
cord set. 


FLUORESCENT ACCESSORIES — Building 
a fixture using fluorescents? You'll 
find it pays to choose from General 
Electric’s complete line of acces- 
sories for a better product, for better 
product acceptance. The famous 
Turret* lampholders and Watch Dog* 
starters—and a wide range of stand- 
ard switches, sockets, and lamp- 
holders—are all part of the General 
Electric line. 





CORD SET ASSEMBLIES may be cost- 
ing you too much in time and plant 
space. General Electric’s cord set 
service is equipped to wire sockets 
and switches into complete cord set 
assemblies, and ship them to you at 
a reasonable charge. Why not in- 
vestigate this service as a method of 
cutting your assembly costs? 





IF YOU NEED INFORMATION, we'll be 
glad to tell you about our complete 
service to manufacturérs—our mer- 
chandising aids—and our complete 
line of components. For information, 
write to Section Q39-123, Construc- 
tion Materials Department, General 
Electric Company, Bridgeport 2, 
Connecticut. 


*Trade-mark Reg- U, S. Pat. Off. 


Preen-X Cords 


GENERAL @@) ELECTRIC “400” Plogs 
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THERMOPLASTIC 
CORD SETS! 


Power Supply Cord Type No. 18 POT-32. 
UL approved with heavy-duty cord and plug. 


Power Supply Cord Type No. 
Molded Plug and Line Switch. 


Power Supply Cord with 
PHALO Molded Plug and 
Molded Female Connector 
(for use with television re- 
ceivers). 


Power Supply Cord, Type 
No. 18 POT-64, UL ap- 
proved, with PHALO right- 
angle plug. 


PHALO plugs, molded to connectors, assures trouble- 
free assembly. Plugs are Underwriters’ approved, 
and designed for appearance as well as utility. 
Built to your specification. 


PHALO Single Conductor and Multi-Con- 
ductor Fixture, and Machine Control Wire. 


Send for copy of 20 page 
illustrated PHALO catalog. 


IHALE 
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| 
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NG i 7 


COMMERCIAL & FOSTER STREETS, WORCESTER, MASS. 


Manufacturers of Insulated Wire, Cables, Cord Sets 
and Thermoplastic Tubing. 
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BOOK REVIEWS 


Industrial Electronics Reference Book—by electronics en- 
gineers (37) of the Westinghouse Electric Corp. 680 pages 


9 x 11 in. Published by John Wiley & Sons, Inc., N. Y, 
Price $7.50 


An unusual comprehensive coverage of the electronics field as 
a whole is presented in this up-to-date and well illustrated book. 
Design data presented should be of considerable value to elec- 
tronic, design, and research engineers as well as to recent engi- 
neering: graduates. Book stresses the fundamental and theoretical 
concepts of basic laws on production and control of electrons. It 
presents the kinetic theory of gases; modern views of atomic 
structure; electron theory of solids; electron emission including 
field, secondary, and thermionic emission; and control of free 
electrons. Design, operation, and construction features of all 
types of electronic tubes and application and maintenance of elec- 
tronic equipment in industry are clearly described. Fundamental 
principles of circuit components, basic electronic circuits, trans- 
mission lines and antennas as well as limitations of electronic 
equipment are also well covered. 

Book contains an excellent reference list at the end of each 
of its 36 chapters. Subject matter of first three chapters covers 
the basic laws as previously described. Chapters 4 through 10 
contain data on electronic tubes including vacuum, gas, X-ray 
and cathode-ray tubes as well as photo electric devices and ultra- 
violet radiators. Electronic circuit components including resist- 
ance forms, capacitance, oscillators and control circuits are pre- 
sented in chapters 11 through 18, whereas design and application 
factors on transmission lines and antennas are covered in chap- 
ters 19 and 20. Advantages and limitations of the many types of 
industrial equipment including power line carrier equipment, 
power rectifiers and inverters, radio frequency heating and elec- 
tronic instruments are given in chapters 21 through 34. Mainte- 
nance and care of electronic tubes and apparatus is covered in 
the last two chapters. 


Technical Data on Plastics—Published 1948 by Plastic 
Materials Manufacturers Association, Inc., |V’ashington 
5 D. C. 141 pp. $2.50. 


Compiled by the Technical Committee of the PMMA, this 
reference book provides in one convenient volume basic prop- 
erty data on the commercially available plastics materials. A 
logical arrangement of data enhances the value of the book to 
the design engineer. For each plastic group (such as urea- 
formaldehyde, phenolics, etc.) general characteristics are first 
briefly summarized and then specifically tabulated. Perform- 
ance graphs are included. 

Since the previous edition of the PMMA data book (1945), 
much new material has been added including several types of 
materials not previously listed. Among these are nylon mold- 
ing powder, polytetrafluoroethylene, cellulose propionate, and 
the expanded plastics such as expanded polystyrene and cellulose 
acetate. 


New Advances in Printed Circuits—National Bureau of 
Standards Miscellaneous Publication 192, 18 chapters, 8 x 
10 in., 73 pages. Superintendent of Documents, U. S. Gov- 
ernment Printing Office, Washington, D. C. Price $0.40. 


Proceedings of technical symposium on printed circuits spon- 
sored by the Electronic Components Subcommittee of the Air- 
craft Radio and Electronics Committee of the Aeronautical 
Board with the cooperation and under the technical direction of 
the National Bureau of Standards are presented in new booklet. 
Practical techniques for mass production are discussed with 
respect to applications and limitations of printed circuits. 

In particular the topics covered in symposium by representa- 
tives of industry and government laboratories include status of 
printed circuits ; conductive silvef preparations, printed resistors ; 
trends in military communication; vitreous enamel dielectric 
products; printed electronic components on glass, plastics, and 
other nonconductors; imprinted circuit inlays; spraying tech- 
niques ; mechanization of electrical wiring; die-stamped wiring; 
and typical commercial applications. General summary of sub- 
ject and a discussion of important technical questions raised in 
symposium are included. 
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Introducing a New Product? 


en a BS 





—or rejuvenating 


an old one? Sractectte 


Hundreds of manufacturers who are introducing new products, 





4 


or rejuvenating old ones, have found it pays to call in a Gaylord 
sales representative right at the start. 


From his wide experience and the facilities at his command, 
he’ll be able to help your executives create a colorful, modern 
package that will sell your product. 


And he can help you to build and hold customer good will 





through the use of shipping containers that assure delivery of your 
@ Corrugated and Solid Fibre Boxes 


@ Folding Cartons 
@ Kraft Grocery Bags and Sacks 


product in good condition. 


®@ Kraft Paper and Specialties 





Call the sales office nearest you 


GAYLORD CONTAINER CORPORATION, General Offices: ST. LOUIS 


New York «+ Chicago « San Francisco « Atlanta « New Orleans « Jersey City 
Seattle « Indianapolis « Houston « Los Angeles « Oakland « Minneapolis 
Detroit + Jacksonville « Columbus + Fort Worth - Tampa « Cincinnati + Dallas 
Des Moines « Oklahoma City + Greenville » Portland « St. Louis + San Antonio 
Memphis - Kansas City +» Bogalusa « Milwaukee « Chattanooga - Weslaco 
New Haven + Appleton - Hickory +» Greensboro + Sumter + Jackson + Miami 
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Avromare 
ls CONTROL 


Where split-second, dependable automatic timing and control are 
important, Zenith Automatic Transfer Switches, Magnetic Contactors, 
Remote Control Switches, and Program Timers are preferred. If 
you have a problem that can be solved with control equipment 
designed for the job we will be glad to give you our recommendations. 


WRITE FOR CATALOG 


ZENITH ELECTRIC COMPANY '3..¥;, Mater dtreet 


IF IT’S 
SPECIAL 
SEE 
PROGRESSIVE 


KEEP YOUR COSTS DOWN 


Progressive specializes in manu- 
facturing special heads, threads 
and finishes on any metal or alloy 
adapted to cold upset. Please 
write for catalog showing many 
Progressive specials. Catalog in- 
cludes purchasing and engineer- 
ing helps. 


Thé PROGRESSIVE 


MANUFACTURING CO. 


44 NORWOOD ST. 
TORRINGTON, CONNECTICUT 


ENLARGED VIEW 


Plastics Models 
can help product development work 
(Continued from page 117) 


ly should be built to accurate scale and the loads applied 
to it when it is placed in a polariscope should be in 
exact ratio to the loads originally designed. For the 
study of three-dimensional stresses, the “frozen-stress” 
characteristics of certain resins are employed as follows: 


If a load is applied to the model at the softening tem- 
perature of the plastic and allowed to remain on while the 
model cools, it is found that on removal of the load the 
plastic retains part of the strains impressed upon it, and 
exhibits a state of internal stress precisely similar to that 
produced by loading at room temperature. The stresses 
thus “frozen” into the plastic are not released by cutting 
the model, as can be demonstrated by cutting sections of a 
two-dimensional model and comparing the stress patterns. 
This process makes it possible to investigate stresses at an 
internal point of a model of any shape, for it is now 
possible to freeze the stresses into such a model and then 
cut a thin slice which retains its stress-pattern; this slice 
can be examined in the polariscope and information ob- 
tained about the stress at any point.(5) 


It would be incorrect to give the impression that 
the photoelastic resins provide a perfect means for stress 


Fig. 12—A specimen of Fosterite photoelastic resin de- 
veloped by Westinghouse Research Laboratories chem- 
ists. This resin can be cast into large pieces (blocks or 
cylinders) optically free from strain and defects, thus 
providing excellent machining stock for good-sized test 
models employed in three-dimensional stress analysis. 


analysis. Limitations are created as a result of inherent 
property defects in the resins themselves. For example 
in certain resins, edge-stresses develop with time thus 
making it difficult to conduct prolonged investigations 
and making it necessary to prepare fresh models at fre- 
quent intervals, say every 24 hours. 

A new photoelastic resin announced early last year by 
Westinghouse Electric Corporation is believed to pro- 
vide some significant advantages for three-dimensional 
studies.(6) It is one of the “Fosterite”’ group and is 
described as a styrene-alkyd type of thermosetting resin 
in which an unsaturated alkyd is copolymerized with 
styrene in the presence of a suitable catalyst and under 
a closely controlled temperature cycle. Sizable test 
models can be machined from relatively large cast 
pieces available in block and cylinder form (see Fig. 12). 
Cylinders are available approximately 334 in. and 5% 
in. diam by about 3 ft long. (It might be noted that 
conventional photoelastic resins are usually limited to 
thin sections. ) 

Outstanding advantage claimed for Fosterite photo- 
elastic resin as against the usual resins used for the same 
purpose, such as transparent cast phenolics, allyls and 
still other polyester types, is that it “does not fade in 
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...it’s Kodapak Sheet 


that’s used by leading 






















electrical manufacturers. 


...in compact equipment assemblies 
Kodapak Sheet... As a laminate, or in 
thin or heavy gauge sheets, it is light, 
compact, and easy to work with as pro- 
at | tecting liners in switch and transformer 
SS_7 cases, or in other equipment assemblies. As 
a laminate, it increases the dielectric 
strength of paper for motor slots, liners, 
and other electrical uses. In heavy sheets, 
it can be used as insulation in toggle and 
rotary switches, jacks, and other small 
units. In thin sheets, it is excellent as the 
dielectric in telephone, radio, and ballast- 
- starter capacitors. 























Inserting a sample preparatory to a voltage 
breakdown test on Kodapak Sheet. 


...in compact wiring installations 
Kodapak Sheet . . . Has excellent volt- 




















7 age breakdown characteristics. As 
"I tape, it provides a compact, non- 
$ ° . 
% corrosive, dead-center covering. As 
< primary insulation on wire, it makes 
up into lightweight, space-saving 
by circuit wires, cables, wiring harnesses, 
0- and similar applications. 
al Cellulose Products Division 
1S “ 
in Eastman Kodak Company, Rochester 4, N. Y. ie 
h s. 2 ° e . 
rf +++in compact coil windings Just mail the coupon 
st Kodapak Sheet .. . Makes a smooth, tough, i ee ane cee TE ED Se Cet a Oe ee -—— ae ee ie 
st | °Sy-working base for windings. It forms, ub 
), folds, and stretches easily without kinking ee : 
¥, | ++i quick and easy to apply by hand or | ROCHESTER 4, N. Y. 68 
automatic machines. Completely homo- 
at : . ie P y | Please send me your folder “Electrical Properties of Kodapak Sheet.” 
10 geneous, it has no impurities to form con- 
ducting paths for breakdowns. | a 
* | Company 
1€ 
d Ki d Sh t | Department 
" © apalk ee i: gi 
... for efficient insulation y___________ Sate 
iG ““KODAPAK"' IS A TRADE-MARK | 


"Known by Performance 
_ Approved by Quality 


RESISTORS by RESISTORS 


Features . . . 
@ Silver Soldered Connections 


® Quality Ingredients plus Quality 
Construction 


@ Close Personal Management and 
Production Control 


© Complete Range of Ratings and 
Styles 


Write TODAY for full informotion 


2247 Indiana Ave. Chicago 16, Illinois 


TRACING CLOTH 
FOR HARD PENCILS , 


@ Imperial Pencil Tracing Cloth has the 

some superbly uniform cloth foundation 

and transparency as the world famous 

Imperial Tracing Cloth. But it is distinguished 

by its special dull drawing surface, on gt 

which hard pencils can be used, giving (Eavs, Bb 

clean, sharp, opaque, non-smudging lines. ye SRR J 
Erasures are made easily, without 

damage. It gives sharp, contrasting prints 

of the finest lines. It resists the effects 

of time and wear, and does not become 

brittle or opaque. 


IMPERIAL PENCIL 
fora drawings ovwet “TRACING CLOTH 


SOLD BY LEADING STATIONERY AND DRAWING MATERIAL DEALERS EVERYWHERE 
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usefulness with time.” Precision studies, it is claimed, 
can be made a month after the model has been ma- 


Typical Properties of Cast Phenolic Resin* 
(Baked 8 hr at 140 F) 


Value 


0.0025 
115 
8000 


5 to 7x 105 


Property 


Shrinkage from mold dimension (in. per in.) 
Rockwell hardness “R” scale 

Flexural strength, psi 

Modulus of elasticity in flexure 

Impact strength—ft-lb per in. of notch, Izod 


ASTM test 
Compressive strength, psi, ASTM 


0.24 
13,000 
5000 
0.2-0.3 


Tensile strength, psi 
Water absorption, per cent 


Linear coefficient of thermal expansion—in. 
per in. per deg F 
Specific gravity 


0.00005 
1.30 


Dimensional change on immersion or humidi- 


fication | Negligible 


*Source: Durez Plastics & Chemicals, Inc. Data are for Casting 
Resin No. 7421A with 5 per cent 7422 accelerator. 


chined. For all practical purposes the model retains 
fringe patterns indefinitely. Primary advantages are 
summarized as follows: 

(1) Two advantages accrue from being able to make 
large models: First, more accurate and intricate models 
can be made and in many cases the same cutting tools can 
be used for the model as for the metal prototype. Sec- 
ondly, what is more important, the slices removed from 
the models will be thinner in comparison to the overall 
dimensions. 

(2) Fosterite is relatively free of the time-edge stresses 
which occur in other materials used for photoelasticity. 
Very little change has been observed in frozen stress 
patterns taken after stress freezing and those made 30 
days later, the model stored in air at room temperature. 

(3) For a given stress system and “fringe order’ the 
deformations and resulting distortions of shape that are a 
source of error will be about 45 per cent less than those 
in similar models of other suitable materials. 

It should be stated, however, that photoelastic Fos- 
terite has been specially developed for the “freezing” 
technique described here and it is not suitable for ordi- 


nary room-temperature tests. 


Summary 


Three broad classifications of plastics materials used 
as product development laboratory tools have been de- 
scribed: (a) acrylic or other transparent resins for ex- 
perimental scale or full-size models; (b) phenolic cast- 
ing resins for making inexpensive short-run interim 
models for test purposes, particularly useful where fre- 
quent design changes are necessary; and (c) photo 
elastic resins for stress analysis studies. 

In each group of materials, there is a wealth of data 
available from material suppliers, model makers, and 
other commercial sources to guide the interested engi- 
neer in the selection of the most suitable resin for his 
needs, the preparation or construction of required 
models, and the setting up of proper test techniques. 
(See sources listed under References and Acknowledg- 


4A flat bar model of a photoelastic material when heated to i 
critical temperature, loaded in pure tension and cooled upon removal 0 
load, will show a definite “fringe order’? under polarized light and also a 
definite elongation or strain. From these, certain constants (“‘fri 
value” and a modulus of elasticity) are developed that determine the 
behavior of any model subjected to frozen stresses. The fringe value % 
the stress in psi required to produce one fringe in a plate 1 in. thick. 
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STEP DOWN ISOLATION TRANSFORMERS 


Designed with completely isolated primary and secondary windings for continuous duty to reduce 
line voltage of 200-240 volts, 50/60 cycles, to 100-120 volts, 50/60 cycles. 6 foot input cord 
and plug and outlet receptacle. 



























18 100K 10 | 3” 3%" $6.00 
OOK 11 | | a 3%" 3%" 8.00 
OOK 12 | 3%" 3%” 3%” 10.00 
100K 13 | 3%" 3%" 4%" | 15.00 
100K 14 | | 5%” 4%" | 20.00 





Note. Also available as Step Up Types at 10% INCREASE IN LIST PRICE. 
(Prices subject to change without notice) 
STEP DOWN AUTO TRANSFORMERS 


Designed for continuous duty to reduce line voltage of 200-240 volts, 50/60 cycles to 100-120 
volts, 50/60 cycles. 6 foot input cord and plug and outlet receptacle. 






DIMENSIONS usT 


VA 
RATING 
















































| a | ne WIDTH DEPTH | HEIGHT PRICE 

| 1ooK1 | A 75 2%" 2%" | $6.00 

100 K 2 A 100 3%" 2%" 7.50 

100 K 3 A 150 3%" 3%" 9.00 

100K 4 A 250 3%" 3%" 12.50 

100 K 5 Cc 500 62" 42” 15.00 

100 K 6 Cc 750 6” 5%" 20.00 

100 K7 c 1000 6" 25.00 

: 100K 8 Cc 1250 6%" 30.00 


NOTE. Also available as Step Up types at 10% increase in List Price. 


LINE REGULATING AUTO TRANSFORMERS 


Designed for continuous duty to correct abnormal or fluctuating line voltages. Input tapped at 80, 
85, 90, 95, 100, 110 and 125 volts, 50/60 cycles, to provide an output of 115 volts, 50/60 
cycle. Rotary Input switch on all models and output volt meter on the 500 VA and larger sizes. 
6 foot input cord and plug and outlet receptacle. 















































































VA DIMENSIONS WEIGHT ust 

PART NO. | MOUNTING | p,Yic —— sas = 

100 K 15 B 100 2%" 2%" 3% 12.50 

100 K 16 B 200 2%" 3%" 4“ 15.00 

100 K 17 B 300 3%" 3%” 6 20.00 

100 K 18 D 500 62" 4," 10 25.00 

100 K 19 D 750 62" 4" 12 35.00 
| 100 K 20 D 1000 62" 4” 14 

100 K 21 D 1250 6" 5%" 18 

100 K 22 D 1500 6" 5%" 19 
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Methods Fail... 
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Turns to 





ACADIA 
Syuthetie Products 





SHEETS + EXTRUSIONS 
CUT PARTS 
MOLDED PRODUCTS 


Gaskets and seals proc- 
essed from Acadia Synthet- 
ics make perfect high pres- 
sure closures—water-tight, 
oil-tight, air-tight, gas-tight 
—and invariably at lowe: 
cost. 

Regardless of your prob- 
lem, if it involves the pos- 
sible use of Acadia Synthet- 
ics, Acadia’s engineers can 
specify the proper character- 
istic and correct design. 

Remember that Acadia 
Synthetics can be com- 
pounded to suit specific con- 
ditions of resistance to every 
element—light, air, oil, hot 
or cold temperatures, wear 
and age. 

Write, wire or phone to- 
day for complete informa- 
tion. 


DIVISION WESTERN 
FELT WORKS 


4035-4117 Ogden Avenue 
Chicago 23, Illinois 


Branch Offices in All Principal Cities 


























ments below.) No attempt, therefore, has been made to 


detail this information here. 


Primary object of this discussion has been to stimulate 
the design engineer's thinking into exploring the use- 
fulness of these plastics models in solving certain prob- 
lems in his work that may not be susceptible to other 
The design engineer may well take a leaf 
from the architect, the stylist, the automobile designer 
who have since many years supplemented three-axis 
drawings with scale models. 
designers of industrial machines and other electrically 
operated products can also “benefit by the experience 
of others and profit by using scale models of their de- 
signs and in this way eliminate many cases of inter- 
ference which are often discovered at such a late date 


methods. 


that correction proves to be expensive.” (7) 
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Monsanto’s way of showing you.get more 
for your money by using Monsanto Plastics 


While metal prices go higher and high- 
er, supplies get shorter and shorter, 
Monsanto plastics are available in un- 
rationed supply at prices lower on the 
average than in 1940. Monsanto plastics 
speed production, cut costs and boost sales 
— giving manufacturers everywhere a big- 
ger dollar’s worth. 

Remember: Intricate parts are molded 
from Monsanto plastics in fast, one-shot 
operations. Blanking, stamping, punch- 
ing and machining are all eliminated. 
And valuable hours of assembly time 
are saved. 

Remember, too — expensive finishing 
steps are eliminated. No painting, baking 
or tumbling is necessary—color and finish 


MONSANTO 


CHEMICALS“ PLASTICS 





are inherent. A rainbow range of colors 
both clear and opaque are available. 
Check off these facts, too. Monsanto 
plastics—the broadest in the industry, 
including thermoplastics, thermosetting 
molding compounds, industrial resins 
and surface coatings, cellulosics, vinyl 
materials, adhesives and glues—are light 
weight, rust-proof and durable; and offer 
a wide range of superior physical proper- 
ties, e.g., high dimensional stability, heat 
resistance, excellent resistance to alkalies, 
acids and water. Use the coupon to receive 
the interesting booklet, “What Monsanto 
Plastics Can Do For You” and feel free to 
write us about any specific problem. 





MONSANTO CHEMICAL COMPANY, PLASTICS DIVISION 


SERVING INDUSTRY... WHECH SERVES MANKIN 
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WEBSTER NG ELECTRIC 


RACINE |PMAM] WISCONSIN 


PARAMOUNT 


PAPER TUBES 
tu Ol Garner 


on a Car Wheel Boring Mill 


(Continued from page 92) 


characteristics by the bender circuit the signal is put 
through two similar translator circuits, one for each elec- 
tronically controlled d-c feed motor. As can be seen in 
Fig. 10, circuits are identical except that one uses the 
reference and the other the quadrature voltage as a 
standard. These voltages are applied to plates of the 
tubes, while output from the bender circuit is applied to 
@s @ core for primary ond sec ry coils... se of sdc = . 
ee . -- tommoet grids through transformers. 
Function of each translator is to convert the a-c bender 
This is typical of the wide use of PARAMOUNT paper tubes =| Circuit signal into a d-c voltage which can be used to 
by leading manufacturers of electrical, radio and electronic prod- am : : 
ucts. With over 15 years of specialized experience PARA- | <letermine speed and direction of the feed motor asso- 
MOUNT can produce mat the a and = tubes = need | ciated with that translator. Each d-c voltage must have 
or coil forms or other uses. Square, . . weer : : 
soctnanaier or veusil. ” (0h-Biclesielc. a magnitude proportional to the required speed, and a 
Hi-Strength. Kraft, Fish Paper. Red 
Rope or any combinations, wound on 
automatic machines. Tolerances plus 


or minus .002”. Made to your speci- 
fications or engineered for you. 


ARBOR LIST OF OVER 
1000 SIZES 


Lists great variety of stock arbors. 
























Contour Controls 



































INSIDE Includes many odd sizes. Write for 
PERIMETERS Arbor List today. 

from 
592” to 19.0” 






PARAMOUNT PAPER TUBE CORP. 


612 Lafayette St., Fort Wayne 2, Indiana 
Manufacturers of Paper Tubing for the Electrical Industry 


Quantity 


PRODUCTION 
oi 


¢ x ' f RO N ‘oN y N e hs) Fig. 11—Front view of contour control desk with doors 
open. Most of the control tubes are 6SN7GT. 


ONE OF THE NATION’S polarity to determine direction of rotation of the feed 
LARGEST AND MOST MODERN ee : sa 
ey ee er | This function is accomplished by utilizing the phase 
PRODUCTION FOUNDRIES relationship of the bender circuit output to reference 
| voltage for one feed motor and to quadrature voltage for 
the other. At any instant, the a-c voltage on the plate 
ESTABLISHED 28 OE of a tube in one translator is 90 deg out of phase with 
eisai hla eal the a-c plate voltage of the corresponding tube in the 
other translator. The same bender circuit signal is ap- 
ADGA IDE DAI plied to the grid of each of the eight tubes. Each tube 
output, when rectified and filtered, is a d-c voltage pro- 
portional to the cosine of the phase angle between bender 
circuit and voltage on the plate, either reference or 
quadrature. Since these plate voltages have a 90-deg 
phase relationship, one translator will have an output 
proportional to the sine of the phase angle between 
bender circuit and reference voltage while the other 
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HATTANOOGA 2, TENNESSEE 


ELECTRICAL MANUFACTURING 


First all-new watt-hour 
meter in 90 years 


GENERAL ELECTRIC CO. says: 
“The I-50 is the first all-new 
watt-hour meter in 50 years— 
new in conception, design, opera- 
tion, and use of modern materials 
and techniques. It has greater 
sustained accuracy, longer life.” 


G. E.’s new potential coil stands 
about 15 kv under impulse, and 
10 kv under 60-cycle breakdown. 
The polythene insulation stands 
up under humidity, sunlight and 
increased temperatures. It’s non- 
corrosive, resists tracking (90 
seconds minimum by ASTM test), 
permits better-insulated leads and 
neater mechanical design . 


for 


extra-long 


Look to polythene for improving 
your products! It’s light, tough, 
strong; resists chemicals and 
moisture. It has high dielectric 
strength, a low power factor and 
is stable over years of service. 
Polythene molding powders are 
available in colors . . . may be 
injection- or compression-molded 
or extruded as sheeting, tubing 
or wire-covering. 
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For greater insulation strength, 
reliability and secure positioning, 
the potential coil is molded to the 
electromagnet core with Du Pont 
polythene. This plastic combines 
high dielectric strength with low 
moisture-absorption. 


OLYTHEN 


Du Pont polythene serves today 
in a myriad cf better electrical 
products. Wire and cable insula- 
tion . . insulating films and tapes 
. . . insulating discs for coaxial 
cables—those are just a few. Be- 
cause of its remarkable combina- 
tion of good properties, polythene 
is steadily replacing many other 
materials for electrical work. 


life of potential coil 


REG. U.S. PaT. OFF. 


Plastics 


GETTER THINGS FOR BETTER LivING 
+ + THROUGH CHEMISTRY 


Write today for the facts on ver- 
satile Du Pont polythene! We’ll 
send properties data plus data on 
how others have used it in making 
a host of improved products of 
many different types. Just write: 
E. I. du Pont de Nemours & Co. 
(Inc.), Plastics Department, 
Room 132, Arlington, N. J. 


Tune into Du Pont ‘‘ Cavalcade of America” 
Monday nights— NBC coast to coast 





































































































Also available 
in Glass 
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SINCERITY 


has proved both a fault and a virtue 





























Sincerity in upholding the policy of highest 
quality and the claims of superiority, 

has interfered with meeting the constantly 
increasing demand for GITS Visible 

Oilers in a limited way. 


NOW — 


—reconversion, standardization and improved 
facilities, plus the engineering “know-how” 
of more than 40 years in both war and 
peacetime development of lubricating 
devices, gives you Genuine GITS Visible 
Oilers in both the highest quality 

and in any desired quantity. 


GITS Visible Oilers are featured in Wick 
Feed, Vibrating Rod, Constant Level, Sight 
Gravity Feed and unmodified 

transparent bottle types. 

























































































GITS has been “Friction-Fighting 
Headquarters” for more than 40 years and 
always will be—bring your problems to GITS. 




















Write for information 


Gits BEos. MFG. Co. 


1840 S. Kilbourn Ave., Chicago 23, Illinois 
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translator has an output proportional to the cosine of 
the same angle. Polarity depends upon the polarity of 
the sine or cosine function. Thus the two speed-deter- 
mining d-c voltages have a sine-cosine relationship so 
that the vector sum of the two speeds is constant in 
magnitude but varies in direction through 360 deg. 

These two d-c output voltages are then applied 
through suitable electronic controls to the two motors 
which drive the cross and longitudinal feed motions of a 
tool head. The motor control is such’ that it holds a 
motor speed proportional to the magnitude of the d-c 
output voltages from the translator, and will run the 
motor in a direction depending on the polarity of the 
voltage. This means that a constant cutting speed or 
speed of movement of the stylus is maintained, regard- 
less of the direction of travel. The guiding action of the 
bender circuit plus the action of the translators results 
in the tracing head following the templet with a constant 
deflection and at a constant speed. 

Not shown are the magnetic relay and associated elec- 
tronic circuits for automatically transferring from man- 
ual to automatic control. Assume that under manual 


| control the stylus strikes the template and is deflected, 


| 
| 


creating a signal voltage. When this becomes of sufficient 
magnitude, applied to the grid of a tube through a trans- 
former in the mixer circuit, the plate circuit is triggered 
and picks up an automatic take over relay. The auto- 
matic control then takes over. This relay is interlocked 
with the bender circuit which is inoperative when the 
stylus is not deflected. 

In addition to the contour control circuits described, 
each coordinate feed motor is provided with a constant 


current type electronic control panel. The basic prin- 


ciples of this form of control are outlined in the supple- 
mentary box on page 92. 

These circuits assure that the preset feed and rapid 
traverse rates of the movable ram or saddle are held 
constant at the preset values when (a) the contouring 
stylus is free of the template, (b) the sequence stylus 
takes over, or (c) manual push button control is em- 
ployed. ooo 





Design problems in developing an 
Electric Range 
(Continued from page 103) 





in which the support rests, thus providing eight positions 
in the two-inch vertical adjustment. Adjustment 1s ac- 
complished by holding the handle on the slide stationary 
while lifting up and turning the handle on the grid. 
Telescoping oven shelf is another new feature. A 
frame is provided to engage the slides embossed in the 
sides of the oven liner. The frame pulls out until it 
engages pin stops riveted to the liner. The top or shelf 
part then slides on out approximately half its length, 
allowing basting, etc., to be done more safely out of the 
heat zone. The two halves are locked together for 
safety, but may be snapped apart for easier cleaning. 
The oven itself has unusually large capacity. The width 
is 18 in. compared to 16 in. in most competitive ranges. 
Chrome plated shelves in the solid blue porcelain finished 
oven make for excellent appearance and ease of cleaning. 
Oven door construction in Fig 8 is highly desir- 
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STRONGER PARTS AT LOWER COST! 


Presteel Stampings Eliminate Costly 
Machining . . . Improve Product! 





The cutter bar and chain cover for this power hedge shear graphically 
illustrate how Presteel combines craftsmanship and expert tool design with 
modern methods and equipment to produce stronger metal parts at lower cost. 

Identical grooves in both parts are required, to a depth 50% beyond 
thickness, to permit free passage of the speedy chain. Previously, these grooves 
were machined, but removal of the metal weakened the structure. 

Presteel accurately forms and pierces these large area parts on heavy 
presses from .125 cold rolled annealed steel. By coining the grooves, the 
metal is forced back into the parts — hardening, toughening and increasing 
their strength. Through proper tool design, Presteel controls the flow of 
metal to form the sides of the grooves, sharp and square — perpendicular to 
the face. Machining is entirely eliminated. 


Manufacturers are looking to Presteel for assistance in the design and 
redesign of metal stampings that will reduce production costs. Perhaps you 
have a problem where our metal working knowledge will save you money! 
Tell your story to our representative or write us direct! 


US th 


602 BARBER AVENUE 







WORCESTER 6, MASS. 


ALEXANDRIA, VA. 
BUFFALO 
CANTON, OHIO 
CHICAGO 
DENVER 
DETROIT 

FORT WORTH 
INDIANAPOLIS 
LOS ANGELES 
NEW YORK 
PHILADELPHIA 
SYRACUSE 
TORONTO, CANADA 


ALLOY STEELS AND OTHER 
METALS COLD FASHIONED 
SINCE 1883 















able from the sales, manufacturing, and service stand- 
: points. No welding is used on the exterior white panels, 
HERE § wit ERE _ reducing cost and scrap loss toa minimum. The panels 
SPECIAL SWITCHES STANDARD on both the oven and compartment doors are mounted 
are by the top return flange locking over the top edge of the 
liner, rubber bumpers keeping the parts securely locked 
together. At the bottom, ““U” shaped clips pass through 
matching slots, the clips being fastened by means of sheet 
metal screws. The holes provided for the screws can be 
seen at the bottom edge of the liner. This construction 
allows the door assembly to be flexible enough to always ~ 
align itself on the oven liner, maintaining maximum 
uniformity of oven performance. 
Also shown in Fig. 8 is the glass oven door construc- 
tion. Since the oven light is controlled by a “peek” 
switch, as well as the jamb switch operated with the oven 


When a standard snap switch 
won’t do your special job... 
that’s when ESCO can help you. Over 90% of 
our production is special in one way or another. 


contact arrangements 
’ operating sequences 
load combinations 
( control handles 
terminal provisions 


multi-stage groupings 


SPECIAL LOW COST, too...made possible 
by our use of standard, uniform components, 
assembled by experts in the construction of snap 
switches specially built for your special job. 

( 


THESE BASIC FEATURES 


can be standard in your special switches. 


CURRENT RATINGS... 10, 30, 60, 100 
and 200 amperes 


VOLTAGE RATINGS...up to 460 volts a-<¢ 

NUMBER OF POLES... one to 20 Fig. 10—Heating element for the warming oven is 
oh ri d in right side wall, and fan and thermostat are 

NUMBER OF POSITIONS... 4 — 


mounted behind rear wall of compartment. Heated 
HANDLE STYLES... oval, pistol-grip or air is circulated through vents in side walls. 
removable | 


MOUNTINGS ... base or panel 


; door, the food in the oven can be viewed without open- 
... side or rear , Tne ! 
CONNECTIONS...s ing the door. Matching flanged opénings are provided 


in the liner and outer panel. The bottom edge of this 
flange is curled 180 deg so it will retain a woven black 
asbestos gasket. The glass is placed in the opening on 
this gasket and locked in place with a split trim ring 
formed from a rolled section of polished stainless steel. 
When the panels are assembled, a spacer fits over the 
ies aaa Hs ee tans | flanges of the opening preventing the insulation from 
breaker control, comprises a 2PDT, entering between the inner and outer glass. This con- 
30-ampere, 3-position, spring-return unit ° 7 
with a DPST, 1o-ampere auxiliary; specify struction allows the customer to snap out the trim ring 
No. easiA. with a knife, remove the glass from the door, wash, and 
replace, a highly desirable feature. 
Construction of the roller drawer slide, shown in 
Fig. 9, provides ease of operation when loaded. In pre- 
vious designs and production a ball bearing roller, or a 


Don’t lose valuable time hunting in catalogs for a 
standard switch for your special need .. . just 
write us your requirements and we’ll give you 
full details on the ESCO switch that meets 
your specification. 
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You can, we believe, simplify your procurement of 
fasteners by coming to “National”. Besides the most 
complete line of standard fasteners made by any 
manufacturer, we make many special products, such 
as Phillips Recessed and Clutch Head screws and 
bolts, Rosan and Lok-Thred fasteners, Sems, Twin- 
Fast double thread wood screws, and lock nuts for 





every purpose. 
In many cases we have helped design new fasten- 
Other “National” ers to meet special needs. Our unusual experience 
Products Include and facilities in cold heading have solved numerous 
HODELL CHAINS production and cost problems for our customers. 
“National” products have earned a reputation for 
quality which they will continue to deserve. 


CHESTER HOISTS 


THE NATIONAL SCREW & MFG. CO. 
Cleveland 4, Ohio 


Pacific Coast: National Screw & Mfg. Co. of Cal. 
1649 18th Street, Santa Monica, Cal. 
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For| ECONOMICAL FASTENING | wre? Two serious diffcukies were inherent in thea 


J | constructions—lubrication and noise. A study showed 
CALL Perouse Kevet. a molded sintered iron roller overcame the difficulties, 
A roller was mounted at the upper rear carrier of the 
| drawer. A channel mounted on the flange of the drawer 
opening and extending through a piercing in the main 
back carries the other rollers. The drawer rollers roll in 
the channel, while the channel rollers roll under the top 
drawer body flange. On the upper right, a tab is turned 
outward to act as a stop when the drawer is pulled out. 
The tab at the lower right prevents the drawer, when in 
the open position, from being lifted up enough to disen- 
gage the roller and the drawer body flange. 

Just above the channel on the right, in Fig. 9, can be 
seen one of two channels used as a broiler storage rack. 
When not in use, a broiler pan and rack present a stor- 
age problem. By means of this convenient storage ar- 





Bicago Automatic Rivet-Setter 


CHICAGO RIVET & MACHINE CO. 
9609 W. Jackson Bivd., Bellwood, Ill. (Chicago Suburb) 


Automatic Rivet-Setters ¢ Tubular and Split Rivets in all Rivet Metals _ 





BILLIONS OF NUTS.- Fagg | —— a ol 
mo QNE™ ey cocere rom 


switch and pilot light. 


! 
NUTSOF EV ene Made nuts, 


; 

| rangement, the broiler pan and rack are available at a 
} , . - . . 

| moment’s notice; are always out of sight, will not become 


And the entire 
lost or damaged, and do not occupy other valuable 


and alloys! is produc 
of Westfield Nuts = accu- 


one idea: To furn a mbly storage space in the kitchen. 
rate nuts that spee 


"You'll get ge?’ | A high input, thermostatically controlled warmer is 

line production! - « th Westfield Nuts. _ | also offered in this range. Fig. 10 shows the warmer 

sizes that a, and circulating fan motor. Air is pulled from the warm- 

er at the lower left side through a louver, passing by 

| means of a duct through the fan, over the thermostat, 

us data for a aad engineers | into a duct containing the heating coil, and out into the 
or call for einen vy compartment through a louver at the upper right. 

3 | A 15 watt phonograph turntable motor is used to drive 
the fan; a flat iron thermostat, calibrated for this appli- 
cation, controls the circuit automatically. The combina- 
tion warmer and oven light control switch is mounted 
in the center of the control panel. 

Problems encountered were to secure the circulation 
WESTFIELD ia MUL eS Ai eas: of the air at a low velocity, the proper balance between 
re-circulated air and fresh air, and a thermostat location 
at the point where maximum air temperature differen- 
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Address Dep 


WESTFIELD, MASS. 
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TRANSFORMERS 


Correctly designed to meet YOUR specifications 


© With or without cases ® Compound filled or open type 
® Class A or Class B insulation * Terminal boards or leads 


You can save time of your engineering staff by letting STANDARD’S designers 
develop details of transformers to be used in electrical equipment you build. Many of 
the electrical devices in use today are equipped with STANDARD transformers. The 

lasting relationship between STANDARD and its customers has resulted from the 
practical applications of STANDARD’S engineering and craftsmen-built trans- 
formers to manufacturer's needs. If you haven't experienced this advantageous 
service, make your next project easier by delegating transformer design 


to STANDARD. 


THE STANDARD TRANSFORMER CO. 
WARREN, OHIO 


Representatives in Principal Cities 
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electronic 
voltage 
regulators 









G..iy Sorensen electronic voltage regulators 
offer as much as 0.1% regulation accuracy 
under SIMULTANEOUS line and load changes. 


SIX IMPORTANT SORENSEN FEATURES: 

. Precise regulation accuracy; 

Excellent wave form; 

Output regulation over wide input voltage range; 

. Fast recovery time; ; 

. Adjustable output voltage, that once set, remains 

constant; 

. Insensitivity to line frequency fluctuations between 
50 and 60 cycles. 


The Sorensen Catalog contains complete 
specifications on standard voltage regulators 
and nobatrons. It will be sent to you upon 
request. 


EXCDITEG «nd company, inc. 


375 Fairfield Avenue, Stamford, Connecticut 
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: {FLIED 
CAPACITORS 

























Functionally fitted to given application—that's the 
nent of the extensive Aerovox oil-filled capacitor 
ine. 

An adequate selection of containers, mountings, ter- 
minals, sizes and impregnants, assures virtually cus- 
tom-built capacitors with guaranteed performance. 
Aerovox literature presents an outstanding choice of 
oil as well as other capacitor types. Be sure this 
helpful literature is in your working library from 
here on. 

@ Write for literature. Submit your capacitor problems 


and requirements. Specifications, quotations, engi- 
neering collaboration, cheerfully given. 


FOR RADIO-ELECTRONIC AND 
fA tESASS\ INDUSTRIAL APPLICATIONS 
Capacitors 


















































































tial occurred. Since the motor speed was high, it was 
necessary to design the fan and its enclosure for ineff- 
cient operation in order for the air velocity to be low. 
It was found that the openings and fits obtained in pro- 
duction allowed enough leakage to obtain the desired 
balance between re-circulated and fresh air. The point 
of maximum air temperature differential was found to 
be at the point of fan discharge. At this point the ther- 
mostat would control the air temperature in the com- 
partment within a 10 deg range. The thermostat was 
calibrated to give a warmer temperature variation from 
125 to 135 F since a dish which is over 140 F becomes 
uncomfortable to handle. 

For best warming results, the air should circulate 
freely around the object being warmed. To aid in this, 
a dish rack and cover are supplied. Dishes to be warmed 
can be stacked in the rack and dishes of food to be kept 
warm until time to serve can be placed on the cover. 

The lower left service drawer can be replaced by a 
kitchen warmer as shown in Fig. 11. This accessory is 
a 1320 watt fan-driven heater mounted on a louvered 
drawer panel. The mounting is accomplished by plug- 
ging the heater cord into a supply cord which is attached 
to the main terminal block on the back of the range. 
Then the panel is lifted in place so that two brackets at 
the top engage the top of the drawer opening, and two 
sheet metal screws inserted in the lower panel flange 
brackets. The accessory is provided with a built-in plug 
fuse, a pilot, and a switch. oog 









World’s Largest Motor 


(Continued from page 99) 


tank for each phase of the current. Each tank is about 
20 ft high. 

Each of the three drive motors is governed by its own 
regulator with the regulator for the first one acting as a 
master, the other two acting as followers. The slip- 
regulators change the resistance in the secondary wind- 
ing circuit to alter the amount of current supplied to 
the drive motors. Each regulator consists of movable 
electrodes connected mechanically to a hoist mechanism, 
and electrically through an electrolytic salt solution to 
form a “Y” and neutral circuit external to the motors. 
Equal values of resistance can be placed in this circuit 
for each phase by moving the electrodes nearer together 
or farther apart. This positioning is done by means of 
a reversible d-c motor on each regulator. Amplidynes 
furnish the power and control for these small motors. 

These rheostats also regulate the starting sequence of 
the drive motors. Due to the excessive current drawn 
by the drive motors, it is necessary to start them in- 
dividually, letting each one get to 50 per cent of full 
primary load before allowing the next one to be cut in. 

Among other things, it was necessary to add substa- 
tion equipment to supplement the existing facilities at 
the laboratory. New power lines were brought in from 
the utility and heavy, high-voltage, switching equipment 
for 35,000 kw had to be built and installed. 

The wind tunnel is still under construction but the 
motors are installed and will be connected to the com- 
pressor in the near future. n00 
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R & M Motors meet initial Two-Speed om 
of this capable Moore Jig Borer 


2h.p. at 1725 r.p.m.! 1h.p. at 850 r.p.m.! This standard 
two-speed Robbins & Myers motor on the Moore 
Jig Borer follows a high performance curve in both 
ratings with dependable fidelity. Experience in equip- 
ment-powering has proved to Moore engineers that 
R & M motors excel in every performance require- 
ment. 


PERFORMANCE PLUS... Here’s proof,too, that motors 
need not be “‘sore thumbs” in otherwise attractive 
contours. This motor has standard Type C NEMA 
flange dimensions, and a special head developed by 
Robbins & Myers. R & M engineering-to-the-job 
does make a world of difference. Moore’s Chief 
Engineer, F. C. Victory, says, “completely satisfied 
with every aspect—from design to motor perform- 
ance.” 


YOURS FOR THE ASKING .. . Youcan look to Robbins 
& Myers for progressive powering ideas. Literature 
or truly cooperative engineering aid is yours for 
the asking. Address Robbins & Myers, Inc., Motor 
Div., Dept. C-29, Springfield 99, Ohio. 


DEPENDABLE ROBBINS « MYERS MOTORS 
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CANNON 
PLUGS 


IN “K” SERIES 


K-22C PLUG 


K-31SL Receptacle >» 


CANNON GLEGYRUG 


Lewdgwinl Company 3209 HUMBOLDT ST., LOS ANGELES 31, CALIF. 


ore 


Type K paa and nee on Geiger 
Counter equipment made by Technical 
Associates, Clendale. California. 


YOU CAN TELL THE QUALITY 
OF TYPE “K” CONNECTORS... 


... by the high-grade equipment on 
which they are used. Leading manu- 
facturers of electrical and electronic 
devices for radio, communications, 
aircraft and the instrument field have 
used Cannon Plugs with satisfaction 
for years. Type “K” is one of the most 
versatile of the 13 major type series, 
with several shell styles, nearly 200 
insert (contact) arrangements for a 
wide range of voltage and amperage. 


* Write for the "K’”’ Bulletin with new KS-1 
Catalog Supplement. Address Dept. B-118. 


SINCE 1915 


IT 


CANNON 
ELECTRIC 


SEND BLUEPRINTS 
cir AND SPECIFICATIONS— 
NO OBLIGATION! 


Check BAER FIBRE 
for accurate dimension- 
ing, uniform surface, me- 
chanical and electrical 
qualities, and low cost 
per piece. See how effi- 
ciently a BAER FIBRE 
terminal board, bushing, 
gasket, washer or other 
shape can simultaneously 
solve your problem and 
save you money! BAER 
FIBRE is precision fab- 
ricated to your specifi- 
cations. Write for litera- 
ture, 


* Boer facilities are unex- 
celled for stamping, punch- 
ing, drilling, tapping, shav- 
ing, sawing, shearing. 


N. S. BAER 
COMPANY . 


MONTGOMERY STREET 
HILLSIDE, NEW JERSEY 


Color Coding and Decade Values 
for Molded Tubular Capacitors 


(Continued from page 119) 


figures of the voltage rating. A two digit number is used 
for ratings above 900 volts, and two zeros are under- 
stood to follow the significant voltage figures. 

For example, a 0.0047 mf capacitor rated 1600 volts 
d-c with a tolerance of +20 per cent will be color coded 
as follows: 

Significant 

Figure 


Band Color Code 


Ist é yellow 
2nd violet 
3rd ; red 
4th black 
5th brown 
6th blue 


By prefixing a type number, it is readily possible to 
tie in a catalog number that can be similarly interpreted 
as to rating, such as 73P472016 for an oil impregnated 
molded tubular. This system is of value for both the 
factory and the customer. Heretofore it had been neces- 
sary to have three part numbers for each item: (1) pub- 
lished catalog number; (2) a separate number for de- 
tailed factory specifications (impregnant, end seal wax 
material, etc.) ; and (3) separate number for a limited 
jobber line. Now one part number suffices and there 
are only 165 sizes cataloged, as compared with a previous 
1500. Of these, 50 part numbers cover 99 per cent of 
current production. 

Although color coding is well established for small 
fixed resistors, application procedures were unfamiliar 
to capacitor manufacturers. At first, cost factors seemed 
objectionable until analyzed and suitable equipment 
worked out for applying the color bands on a mass pro- 
duction basis. 

Color coding is presently applied to molded phenolic 
paper capacitors with polymerized resin dielectric and 
small size (34 to 1% % in. long) military types for high 
temperature operation. The decade system of rating 
(but without color coding) has also been applied to 
tubulars with high temperature cement end seals. 

A poll recently taken among members of the execu- 
tive committee of RMA receiver components commit- 
tee indicated that there was substantial agreement on 
changing over to a preferred system of values for fixed 
tubular paper capacitors, particularly on new types such 
as the molded tubulars. Since most other types follow 
the arbitrary series of values as specified in RMA 
Standards Proposal 159B, however, some felt that an 
attempt to change all existing types to the preferred 
numbering system and color coding used for resistors 
would cause confusion. 


Roters Receives AIEE Award 


Herbert C. Roters, consulting engineer and adjunct professor 
of electrical engineering in the Graduate School at Stevens 
Institute of Technology, receives the AIEE award for the best 
paper presented in the field of theory and research for the year 
1948. Title of winning article is “The Hysteresis Motor—Ad- 
vances Which Permit Economical Tractional Horsepower Rat- 
ings.” Mr. Roters, a writer of many articles in electrical fields, 
is also the author of a textbook, “Electromagnetic Devices.” 
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A COST-SAVING ACHIEVEMENT in high density (closely 
approaching pure Tungsten), with ready machinability. 


Easily brazed, or silver-soldered by ordinary methods. 


For parts fer rotational control within con=- e rotors, flywheels, governors, balance weights. Entire 
fi d rotor can be made of Fansteel “77”—or ring of “77” 
inea@ space attached to lower density backing—or inserts or studs 

brazed or screwed to backing. 


Radiation shields © Fansteel “77” is approximately 1.5 times as effective 
as lead in absorption of radiation. Requires less wall 
thickness. 


Electrol yt ic fixtures © Resists attack by solutions. Has great strength with 


good electrical conductivity. Excellent for current- 
carrying and contact-making hooks, fixtures, guides 
or Carriers. 


Available forms © square or rectangular bars, round rods, rings, disks, 
slabs or special shapes—either “as sintered” or fin- 


ished or semi-finished machined parts. 


e ASK FOR FANSTEEL TECHNICAL DATA BULLETIN NO. 5.102. 
Fansteel engineers will gladly assist in any problem where “‘77" 
can be applied; also in design, production, machining and fin- 
ishing. Fansteel Metallurgical Corporation, North Chicago, Ill. 


PURE METALS COPPER BASE ALLOYS 
“Tantalum, Tungsten, Molybdenum, and Columbium in sheet, rod, 
wire and special shapes and parts. Copper alloyed with other elements, to combine high conductivity 
POWDER METALLURGY PRODUCTS with strength, elasticity, resistance to heat, impact, or wear. Avail-. 


Made in fine finished or semi-finished shapes and parts of special able in bars, rod, sheet, strip, castings, forgings, finished or semi- 
analysis to achieve high strength, density, electrical conductivity, . 
resistance to wear, impact, heat erosion, or combinations of these d parts, for current-carrying springs and f ” 5 


and other properties. ing tips, resistance welding electrodes, dies and fixtures. 
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TEDEX 
ef ey ee 
iw REMOTE CONTROL 


CIRCUIT SELECTOR 
DAEs 


OPERATED 


- « « designed for use 
where automatic, remote-controlled, 
multiple circuit selection is needed. 


The model illustrated is a six pole, six position circuit 
selector with standard mounting. Ledex Circuit Selector 
Switches are also available from stock in the following 
models: three pole twelve position, and six pole six posi- 
tion, all with either standard or panel mounting. Where 
quantity requirements justify, special selectors for specific 
applications will be engineered and priced by quotation. 

The rotors of Ledex Circuit Selector Switches are pow- 
ered by Ledex Rotary Solenoids. This compact, powerful 
solenoid is converted to a rapidly oscillating motor by 
means of a commutating switch and return spring. Provi- 
sions are made to operate Ledex Circuit Selector Switches 
from any standard power source. 

Precision manufacture to exacting specifications and in- 
dividual operating tests are your assurance of dependable, 
long-life service under severe operating conditions. 


WRITE FOR DESCRIPTIVE LITERATURE 
WHICH PROVIDES DETAILED INFORMATION 


G. H. LELAND, INC. 
111 Webster Street, Dayton 2, Ohio 


Gentlemen. Send me descriptive literature on the Ledex 
Circuit Selector Switch. I¢ may be applicable to our .. . 


SO einai ae mecianicantnnnpaeaneee 


Nam 
(Please Print) 


Company. 
Sereet Address. 
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Three Metallizing Techniques 
for Component Design 
(Continued from page 125) 


with a glaze. In firing, the metal is reduced to its pure 
state and forms a conductive coating in much the same 
manner as in printed circuits. This is then electroplated 
and soft-soldered. In the production of high-frequency 
tubes the melting point of the soft-soldered joint is too 
low to be satisfactory. Hence a brazed seal is made by 
coating the ceramic with a mixture of powdered titanium 
hydride and a binder, then a suitable brazing alloy is laid 
on the coated area before heating. The part is heated to 
900 to 1000 C so that pure silver, silver-copper eutectic, 
or similar alloys are used. 

As the titanium hydride dissociates it leaves pure 
titanium and free hydrogen. The latter acts to keep the 
surface clean for soldering. With rising temperature the 
silver solder melts and bonds with the titanium fused 
in the ceramic. The process is readily performed in a 
vacuum. This prevents the solder from adsorbing large 
amounts of hydrogen. Dense, leak-free joints are there- 
fore produced and, since the metals are heated to 1000 C 
to make a seal, the metals are thoroughly degassed. 
Lengthy exhaust treatment is often unnecessary. 

Limitations imposed on the seal by soft solders and 
unequal thermal properties can also be overcome by the 


if, 


Fig. 11—Laboratory samples of porcelain-metal seals 

as made by General Electric Pittsfield (Mass.) Works 

for cable terminals, instrument transformer bushings 

and capacitor bushings. Smaller size is rated 600 volts; 
larger size, 23 kv. 


£3 


use of titanium hydride and silver solders in combin- 
ation with magnesium silicate ceramics and chrome-iron 
wires, containing 14 to 30 per cent chromium that have 
almost identical expansion characteristics. A solder seal 
thus obtained will remain free from strains over a wide 
range of temperatures. 

Several examples of ceramic- or glass-to-metal seals 
are shown in Figs. 11 through 15. 

Electroforming. Actually electroforming is an exten- 
sion of electroplating but differs primarily in the thick- 
ness of the plate. In electroplating, a deposit of 0.0001 
in. is average and 0,001 in. is considered heavy. The 
physical and electrical properties of the part are deter- 
mined by the piece being electroplated and the deposit 
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NO dounclime WHEN 
DELCO MOTORS 


ARE ON THE JOB! 


Down-time for repairs costs money! For Eliminate down-time with Delco motors! 
motors that won’t let you down. . . always There is a Delco motor built to fit your needs 
deliver under the most adverse conditions exactly. 

. specify Delco motors. They combine 
simplicity of design with rugged construc- 











Se ee 










: at . sors 
tion .. . require a minimum of maintenance pens aul fan-cooled aR a 
Delco’s special features assure continuous, ™ d in sizes ranging from 

trouble-free power: Locked bearings, Delcote en 75 hp. (Continuous duty, 
coil insulation, corrosive-resistant cast iron tional ratings to cet cual polyphase-) 


frame, positive lubrication, dynamically 
balanced rotor and shaft assembly, water- 
tight conduit box—features that mean you 
can depend on Delco for dependable power. 


constant speed, 


For complete data on Delco Motors, address Delco Products, Dayton, Ohio, or our nearest sales office. 


DELCO MOTORS 


DELCO PRODUCTS, DIVISION OF GENERAL MOTORS CORPORATION 


SALES OFFICES: CHICAGO e CINCINNATI e CLEVELAND e DETROIT e HARTFORD, CONN. 
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Silver-Tungsten CONTACTS 


Gibsiloy silver-tungsten contacts are characterized by 
non-welding properties, minimum erosion under arc- 
ing, and low contact resistance after endurance and 
short circuit tests. For these reasons they prove out- 
standing in circuit breaker applications. Furthermore, 
Gibsiloy silver-tungsten contacts increase the dielectric 
breakdown voltage in molded case circuit breakers 
because of their resistance to erosion under arcing. 


Three Gibsiloy silver-tungsten materials—W-10, 
W-13, and W-15—are most commonly used for circuit 
breaker applications. Gibsiloy W-10 has the lowest 
contact resistance of the group and therefore is most 
often used where one set of contacts must carry cur- 
rent as well as break the arc. Gibsiloy W-15 has the 
greatest resistance to arcing under erosion and there- 
fore finds the most extensive application in arcing tips. 
Gibsiloy W-13 is intermediate in its properties as com- 
pared to W-10 and W-15. It is used for current carry- 
ing contacts where greater arcing resistance than af- 
forded by W-10 is required; also, for arcing contacts 
where lower contact resistance is needed than is fur- 
nished by W-15. 


The properties of these grades of Gibsiloy silver- 
tungsten contacts are: 


Conductivity Hardness 
% 1.A.C.S.) (Rockwell B) 
Gibsiloy W-10 67 % 55 
Gibsiloy W-13 58% 85 
Gibsiloy W-15 47% 90 


The application of silver-tungsten contacts to circuit 
breakers is illustrative of the capability of Gibson 
Electric Company to solve contact problems for any 
type of equipment. Write for contact recommendation 
data sheet for help on your problem. 


P a 
Hlamufaclured by 


GIBSON ELECTRIC COMPANY 


$349 Frankstown Ave., Pittsburgh 21. Pa. 


enhances these properties. In electroforming techniques 
applied for the fabrication of parts, the mold or matrix 
merely forms a pattern or base on which the plating is 
deposited, and the final fabricated part actually consists 
of the electroform itself after it had been separated from 
the matrix. Plates 0.010 in. or thicker are deposited in 
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Fig. 12—A group of Sprague Koolohm ferrule-type re- 
sistors where glass-to-metal seals play an essential part 
in the construction. Fig. 13—Closeup showing glass-to- 
metal seal construction on a large Sprague capacitor. 


the electroforming process. Theoretically all metals that 
can be electroplated can be electroformed but in com- 
mercial practice iron, copper, and nickel are most 
commonly used. 

Parts of exceptional surface smoothness and high di- 
mensional accuracy can be produced with relatively sim- 
ple tools. In fact some parts which could not be made 
by conventional metal-working tools are produced on a 
small or mass production scale by electroforming. How- 
ever, like printed circuits and solder sealing, electroform- 
ing is a special process requiring special knowledge and 
skill and the product designer should appreciate its 
potentialities rather than attempt the process without 
special guidance by those experienced in it. 

Requirements of electroforming are the antithesis of 
electroplating. In electroforming, the plate must not 
adhere to the base metal whereas in electroplating the 
reverse is required. The matrix can be made of almost 
any material from wood to chromium-plated steel. 
Permanent or expendable matrices are used depending 
upon the shape of the piece, quantity, tolerances, mate- 
rial, and availability of equipment. If the electroformed 
part is of such shape that the matrix cannot be removed 
without destruction an expendable matrix must be used. 
If, on the other hand, the matrix can be removed with- 
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NOW vou CAN HAVE 
MORE PRODUCTION 


on both integral and fractional horsepower motors 


MAN-POWER 


WITH ay MAN-HOURS 


FLOOR SPACE 
BY INSTALLING 


THE ZANDEROLL process* 


Production hours are turned into minutes with one man and 
one machine doing the work that requires several men with con- 
ventional methods. This amazing, high-speed production line 
applies insulating varnish to armatures, stators and other 
electro-magnetic windings faster than any other means known 
today! Up to 50% savings in varnish and labor are possible 
and inewtguntlin: is more uniform, more thorough, better 
than ever before. And Zanderoll changes the'old messy varnish- 
ing job to a clean, modern method of application with fire 
hazard reduced to an absolute minimum! 


Write for more details as applied to your particular production 
conditions, or better yet, call in one of our engineers to 
analyze your situation for economies and 

_ improvements. 


POWER PIPING DIVISION 


| BLAW-KNOX CONSTRUCTION COMPANY 
i, 1525 Pennsylvania Ave., N.S., Pittsburgh, Pennsylvania 


BULLETIN 2263 TELLS ALL— 
WRITE FOR IT TODAY! 


* Patented in U.S. and foreign countries by the Sterling 
Varnish Company, Haysville, Pa 


iPOWER PIPING RECT O.§ 


BLAW-KNOX CONSTRUCTION COMPANY 
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@ The Heyco is a Nylon insulating grommet that grips the 
wire in a vise-like grip in addition to insulating the wire 
from the chassis. It does not injure the wire yet it anchors 
it firmly to the product, thus preventing strain on termin- 
als. Heyco eliminates cord wear at chassis entrance and is 
available with spring extension for applications requiring 
wire movement. Illustrated Bulletin on request. 


HEYMAN MANUFACTURING COMPANY 
KENILWORTH 1, N. J. 


SENT ON RECEIPT OF 
WIRE SPECIFICATIONS 


> TEST SAMPLE 


cuassis—— 


out injury, a permanent type is economically feasible, 
particularly if the electroformed part is a production 
item. 

Where surface finish and dimensional tolerances are 
of minor importance, the expendable matrices may be 
made of low melting materials such as lead alloys and 
waxes. Recent developments in Cerrobend and Cerro- 
base alloys of Cerro De Pasco Copper Corporation make 
possible electroformed parts of high finish and tolerances 
of the order of +0.002 in. Cerro-Tru alloy (tin, bismuth, 
lead alloy) is excellent for fine surface duplication. 

If the matrix is expendable the wax or low melting 
alloy can be melted or, if made of aluminum, zinc, or 
magnesium, it can be dissolved in an acid or alkali 
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Fig. 14—Another example of solder sealing: General 
Ceramic & Steatite’s tinned steatite, hermetically sealed 
bushings for metal enclosures such as transformer or re- 
lay cans. A metallized surface comprised of silver is 
first fired to the steatite at about 1300 F; after fir- 
ing cycle has been completed, the metallized surface 
is electroplated with copper and then hot tin-dipped. 


Fig. 15—Glass-to-steel hermetic terminals made by T. C. 
Wheaton Company are especially designed for use as 
refrigerator terminals. 


Permanent matrices are made of metal treated to pre- 
vent the plating from adhering to it. However, the part- 
ing material must be conducting and smooth to obtain 
a satisfactory plate. 

Chromium plating is one of the most satisfactory 
methods of treating the permanent matrix. Parting 
materials include graphite, carbon black, or turpentine 
for rough work and potassium dichromate and salts of 
selenium and arsenic for fine finishes. A steel matrix 
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Ty subject: SOLDER S ae 
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, What proportion of tin and lead in a solder will give the ‘ a. 
| greatest solidification range? re 
| Ra ' 
| fe | 
i : 3 
. The proportion of 19.5% tin and 80.5% lead. at, 
Solders with a tin content of 37.5% to 45% are the most popular ‘: | 
' ks for wiping purposes because all in this group have a solidification om > 
} range large enough to permit ease of working. Most popular Ax 
ji among general purpose solders is the 40% tin—60% lead com- ei YS 
i position. For electrical joining work, where rapid solidification we, 
: is desirable, solders in the 45% to 62% tin range are most common- & 
ol g 
ly used. 


Federated Research, through scientific 
laboratory and field testing, has deter- 


mined the right solder for almost every job. 





Federated Production, through step-by-step quality control, offers 
this right solder to you in precisely regulated composition. 


Federated Sales, in 25 offices across the nation, will arrange 
speedy delivery of solder for you in any composition, shape or 
form—acid core, rosin core, solid wire, body, triangle, strip, wip- 
ing, segment, bar, pig, drop, foil or ingot. 

If you want basic, easy-to-read information about solders, write 
for Federated Bulletin No. 87, “Some Properties of Soft Solders.” 
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SOLENOIDS | 


AC or DC 
industrial or Aircraft 


Precision 
Designed For 
Long Life, 
Efficient 
Operation, 
And Compact- 
ness 

Plunger Connec- 

tions Bushed For 


Smooth Bearing Coils Easily 


hentienes - i Replaceable 


These Solenoids incorporate Transformer Grade Silicon Iron, 
Stainless Steel Plunger Guides, Coils of Best Insulated Magnet 
Wire and Varnish. 


Our engineers are ready to solve your particular design or 
application problem. 


SINCE 1927 
DEPENDABLE 


PRODUCTS 
WEST COAST ELECTRICAL MFG. CO. 


10006 S. MAIN ST. 53 W. JACKSON BLVD. 
LOS ANGELES 3, CALIF. CHICAGO, III. 


TRY THIS UNIQUE IRON NOW! 
Step Up Efficiency P, 
dd OAs 4c0s: 


Soldetron 


with the 
Tr. Mark Reg., Pat. Pend. 


Ideal For Light or Heavy Work 
Heats Rapidly from Cold Start 


e@ LIGHTWEIGHT (3 ozs.) 


e@ FINGERTIP CONTROL permits 
long hours of soldering without fatigue. 


Though it weighs only 3 ozs, “Soldetron” 
can do the job of a 200 watt iron. 
@ Ideal for precision work in “hard-to- 
reach” places. 
@ Interchangeable tip-heads; no cleaning 
or filing. 
: e Retains heat with 
switch off up to 
1 minute. 
@ COOLGRIP bake- 
L lite handle, cork 
oh covering. 
former supplied 
ee, OS ak he ar ieee ocean (hon an 
automobile battery.) 
PRICE: with transformer and 1 tip-head, $13.95 
Also available without transformer 
5% higher west of Miss.; fair traded. 
Manufacturers: Order sample unit. test its areat efficiency! 


TRANSVISION, INC., NEW ROCHELLE, N. Y. 


Dept. E.M. 








may be coated with a low melting metal which is melted 
to remave ‘the electroformed part from the mandrel, 
Another method is to use a material with a low coeffi- 
cient of expansion such as glass or kovar for the matrix 
so that, on heating, the plate expands more than the 
matrix, permitting it to be slipped off. 

Techniques developed to make the surface of non- 
metallic matrices conducting are quite similar to those 
developed in printed circuits and in solder sealing eveq 
though all have been devel ped independently and almost, 
concurrently. In each case it is necessary to make a none 
conductor conducting. Electroformers use brushing 
graphite, chemical reduction of silver, cathode sputters 
ing, and vacuum vaporization, all techniques employed 
in printing circuits. Hence the product designer has 
three valuable sources of information for the develop 
ment of new methods or the application of accepted 
techniques in the treatment of insulators to make them 
conducting. 
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REVERE MATERIALS + COLE-HERSEE DESIGN 
ASSURE DEPENDABLE HEADLAMP OPERATION 


(Sixty Percent of All Automobile Accidents Occur After Dark) 


He is a picture and sectional view of a device fre- 
quently used by motorists, who know nothing about 
it except that it has a knob and works perfectly when 
pushed or pulled. It is a Cole-Hersee three-position light 
switch: Off, Parking Lights, Headlights. 

Because such a switch is so reliable and long-lived, one 
might suppose it to be simple. It is far from that. Its opera- 
tion, however, is simple, and is protected by design and 
materials which foresee the conditions and contingencies 
of use. 

Note the variety of the materials. They include steel in 
several types and forms, brass, phosphor bronze, canvas 
base bakelite, a felt washer to exclude dust, plastic, and if 
you include the fuse, lead and glass. In the list of features 
the four items starred are made of Revere Metals. 

This is an excellent example of the manner in which wise 
manufacturers employ Revere Metals. Both they and we 
realize that every metal and material has its individual 
qualities and applications. When these are understood and 
chosen with full regard for conditions of fabrication and 
use, a fine product has been given its fundamental guaran- 
tee. It is one of the important duties of Revere Technical 
Advisors to collaborate in the selection of the many dif- 
ferent Revere Metals. If you would like to obtain the 


benefits of this service, get in touch with the nearest 
Revere Office. 
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Three-Position Heavy Duty Headlamp Switch, made by 
Cole-Hersee Company, 20 Old Colony Ave., Boston 27, Mass. 


. Spring Backed Dustproofed Gland 12. Heavy Reinforcement and 

. Heavy Steel Case and Bracket Thrust Stop 

. Four Separate Contact Springs *13. Terminal Studs Welded to 

. Moulded Bakelite Contact Carrier Conductors 

. Double Independent Action *14. Heavy Gauge Phosphor Bronze 

. Heavy Gauge Phosphor Bronze Spring Contacts 
Contactor 15. Heavy Conductor and Thrust Stop 

. Interlocking Back Prevents Short *16. Silver Inlaid Phosphor Bronze 
Circuiting Contact Rivets 

. Silver Inlaid Phosphor Bronze 17. Heavy Gauge Screw Terminals 
Contacts 18. Shakeproof Lockwashers With 

. Canvas Base Bakelite Locking Tail 

. Six Clinching Ears 19. Bracket Extension To Clear Dash 

. One Piece “Hot Wire’ Conductor Obstructions 


*Parts starred are made of Revere Metals 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


Mills: Baltimore, Md.; Chicago, lll.; Detroit, Mich.; New Bedford, 
Mass.; Rome, N. Y.—Sales Offices in Principal Cities, 
Distributors Everywhere. 





TIME SWITCHES 
Synchronous Self-Starting Motors 
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In SWITCHES, FLASHERS ond RELAYS 
where dependable performance is 
a ee 
DIAMOND SEAL for 
DIAMOND QUALITY. 


is 


Automatic 
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60 STATE STREET - MANKATO, MINN, 


PORCELAIN.... 


the way you want it 


@ The girl in the picture is painting numbers on 
transformer blocks made of Colonial porcelain. It is 
only one of many tasks performed at the Colonial 
factory to assure customers of electrical porcelain the 
way they want it. One of America’s oldest and largest 
porcelain makers invites your inquiries. 


The Colonial Insulator Co. 
907 Grant St. Akron 11, Ohio 


Chicago 
2753 W. North 
Tel HU-6809 


tendent of Documents, Washington 25, D. C. (25¢ 
a copy). 
“New Advances in Printed Circuits,” National Bu- 
reau of Standards, Miscellaneous Publication 192, 
available from Superintendent of Documents (40¢ 
a copy). 


Other References 
“New Techniques in Electronic Circuit Wiring by 
Printing,” Staff, ELecrricAL MANUFACTURING, 
May 1947, p. 122. 
“Compact Designs Result from Printed-Circuit Com- 
ponents,” Staff, ELectricaL MANUFACTURING, 
December 1947, p. 114. 


Design Trends and Transients 
(Continued from page 138) 


stamped from the “drop-offs’” when the 8-gage tank 
metal was trimmed to shape. A power wrench is used” 
to tighten the heating element flange against the stamped 
mounting flange since the welded studs can take at least 
2% times the torque required for setting the nuts. In 
addition to the savings noted, this changeover freed 
the plant from reliance on an outside forging sub-con- 
tractor, produced a neater product and simplified re- 
placement in case of damage. oada 


Ball-Bearing Grease Tester 


Motor service conditions are duplicated to 
compare performance of lubricants. 


New equipment for testing ball-bearing grease under 
conditions similar to those of field use has been devel- 
oped by the General Engineering and Consulting Lab- 
oratory, at General Electric. The tester accelerates those 


% 


General Electric grease tester for motor ball bearings 

simulates service conditions. End point of test is de- 

termined by rise in temperature of test bearing when 
grease fails. Control unit is not shown. 


conditions which contribute to the destruction of a 
grease, thereby enabling motor users and grease manu- 
facturers to compare the performance of one grease with 
another. 

Two components make up the equipment, the testef 
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One Piece, 40 oz. Plastic Housing Produced by 
Single Cavity, Enclosed, Machine Type Mold 


Graduated inward slope of specially designed frontal 
face forms an eye-appealing frame. Wall structure, con- 
trol holes, control strip and interior cornices —all molded 
in place. Material used: Walnut Mottle Brown, Phenolic. 
Smoothly surfaced, highly polished finish achieved in 
the molding process. Photos shown thru courtesy of 
Phileco Corporation, Philadelphia, Pa. 


PRODUCT DEVELOPMENT - MOLD DESIGN + MOLD CONSTRUCTION + PLUNGER MOLDING + TRANSFER MOLDING - INJECTION MOLDING 
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PERO 


The cabinet is the SEEN quality in 
fine table model radio reception. 
And, recognizing its sales impor- 
tance, radio manufacturers have, 
consistent with needs for popular 
pricing, developed regal raiments 
for their offerings—many of which 
are enriched thru the use of 
plastics. 

Plastic molding, too, has kept 
pace with plastic preference .. . 
Materials, specially formulated to 
end-use purposes, possess re- 
quired strengths and properties. 
Collaboration between maker and 
molder reconciles blueprint de- 
signs to proper mold procedures... 
and correct mold construction. 
Increased press capacities and 


broadened processing approaches 
are now equal to a part's size, 
wall thickness and weight. 

The cabinet for the new PHILCO 
904 Table Radio shown here meas- 
ures 13 in. x 7% in. x 7¥2 in. 
Molded by Consolidated, to Philco 
specifications, it exemplifies a 
Quality worthy of the radio enjoy- 
ment it contains and complements ! 

Consolidated invites the oppor- 
tunity to apply its know-how 
to all-industry’s custom molding 
problems. Experienced sales engi- 
neers are readied to respond to 
your inquiry. Contact our nearest 
or home office. 


Your Blueprint 
in Plastic 


—Marching forward with Plastics since 1874 


O thracclmas Bldg 


COE WRLAINO. 4064 Proapeet Aw 


+ COMPRESSION MOLDING 
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SRIOGEPO@ AS, 27 State Breet. 


higher-torque 
lower cost 


standard 
and 
synchronous 
motors 


@ Now typical Cyclohm compactness 
and dependable performance are avail- 
able in a new Split-Phase Motor—both 
Standard and Synchronous types. This 
new Cyclohm unit is ideal for vending 
machines, garage doors, appliances, blow- 
ers, control mechanisms, and many appli- 
cations where its high starting torque 
is an advantage. Since no capacitor is 
required the cost is lower. Ball bearings 
or sleeve bearings. Horsepowers up to 
1/15 in the Standard, 1/25 in the Syn- 
chronous. Various speeds, voltages and 
frequencies. Write today for details 
also for information on Cyclohm Capaci- 
tor Type and Speed Reducer Motors. 
CYCLOHM MOTOR CORP, 


Division Howard Industries, Inc. 


5-17 46th Road, Long Island City1, N.Y. 


SET ‘SCREWS 


Ss oe 


GEORGE W. MOORE, Inc. 


100 BEAVER ST 


WALTHAM, MASS 








shown here, and the control box. The tester is a small 
motor-driven unit with two bearings—one for testing 
and the other as a guide. 500-watt heater, located 
between these bearings, simulates the source and flow- 
paths of heat in an electric motor. Temperatures in the 
outer race of the bearings are measured by a pair of 
copper copnic thermocouples. 

In the control box are two thermostats and a panel 
on which are mounted 2 motor switch, line switch, actua- 
tion button, and time meter, The time meter, marked in 
tenths of hours, measures time on a cyclometer-type 
counter up to a period of one year. 

In operation, bearing loss increases and temperature 
rises as lubrication becomes less effective. When the 
test bearing overheats so that the first thermostat is un- 
able to control it, the second thermostat shuts off the 
heater and drive motor, the time meter recording the 
total hours of operation. Ooo 


Expanded Metal Resistor 


Slit and formed sheet of resistance alloy 


makes sturdy lightweight power resistor. 


Developed by the British Admiralty and put to com- 
mercial use by the Expanded Metal Co., Ltd. of Lon- 
don, the type of power resistor shown here is now being 
produced by National Lockwasher Co., Newark, N. J. 
Expanded metal mesh and support are formed from a 
single piece of resistance alloy sheet. The mesh is so 
proportioned and formed that it is self-supporting and 
never shielded by insulator. With unrestricted radia- 
tion, maximum operating temperature closely approaches 
that of a freely suspended, single straight conductor. 
This construction method generates much less heat at 


National Lock Washer offers new form of power resistor 

made by expanded metal process. Terminal ends only of 

two resistance elements are shown here; remainder of 
resistor is cut away to show construction. 


the solid unperforated mounting ends, and has low 
thermal inertia both on heating and cooling. As a result, 
continuous rating is in many cases as high as the short 
time rating. 

While the principle can be used with many of the 
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JUST LOOK AT THESE FEATURES... 


SHELL 


High strength alumi- 
num alloy .. . High 
resistance to corrosion 

. with surface finish. 


CONTACTS SCINFLEX 
High current capacity ONE-PIECE INSERT 


- . + Practically no volt- High dielectric strength . . . 
age drop. No addi- 


ene! solder required: High insulation resistance. 


b// APT TES 


DENDIA-SLINIILLA 


ELECTRICAL CONNECTORS 


the Finest 


CHECK THESE OTHER ADVANTAGES 


e Moisture-proof, Pressure-tight e Radio 
Quiet e Single-piece Inserts e Vibration- 
proof e Light Weight e High Insulation 
Resistance e Easy Assembly and Dis- 
assembly e Fewer Parts than any other 
Connector e No additional solder required 


money can buy! Contacts that carry maximum 


currents with a minimum voltage 
drop are only part of the many new advantages you get with 
Bendix-Scintilla* Electrical Connectors. The use of “Scinflex’’ 
dielectric material, an exclusive new Bendix-Scintilla develop- 
ment of outstanding stability, increases resistance to flashover 
and creepage. In temperature extremes, from —67° F. to 
+300° F., performance is remarkable. Dielectric strength is 
never less than 300 volts per mil. Bendix-Scintilla Connectors 
have fewer parts than any other connector on the market —and 


that means lower maintenance costs and better performance. 
* TRADEMARK 


WRITE DIRECT TO 


THE SALES DEPARTMENT 


Z 
SCINTILLA MAGNETO DIVISION of ay 
SIDNEY, NEW YORK 


AVIATION CORPORATION 


Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, New York 
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THE "CIRCLE B" 
SYNCHRONOUS TIMING MOTOR 


e COMPACT DESIGN e A.C. SELF STARTING 
e SIMPLE CONSTRUCTION e ACCURATE 


The “Circle B”, a carefully engineered, well integrated unit 
fits into a two inch circle. Essential improvements, proven and 
tested in use, have been incorporated into its design. 

The “Circle B” is universally convenient for applications re- 
quiring a small, dependable motor. It has been successfully used 
in timing, recording, and controlling apparatus; in displays, 
turntables, and clocks, Various output speeds are available. 


WRITE FOR SPECIFICATION BULLETIN 948 


THE BRISTOL MOTOR CO. 
FORESTVILLE, CONNECTICUT 


Pa ag —- 


AND 


Spataiall sven CONTACTS Siem 


FOR INDIVIDUAL APPLICATIONS 
What, Sir, Are YOUR Requirements? 


SUPERIOR CARBON PRODUCTS, Inc. 
9114 George Avenue, Cleveland 5, Ohio 


era ete 
BRUSHES 


WsupeRio 


resistance alloys, the absence of shielded hot spots often 
makes it possible to use lower cost material. At the 
same time, those applications needing a high overload 
factor can be met with more compact units of lower cost 
construction. 

In traction and railroad service the new units offer 
lightness, compactness and resistance to vibration. For 
radiant heating at “black” temperatures, the large sur- 
face area and free air flow reduce the space required. 
Less resistance to air flow is offered for forced air heat- 
ing. Heating elements are practically non-inductive at 
power line frequencies and retain low inductance at 
radio frequencies. 

For power resistance requirements in motor starting, 
arc control, electric heating and other usual applications, 
standard units will be available in ratings from 20 to 80 
amp, as well as in special designs when required. GC 0 O 


Light Controlled Streetlight 


Plug-in control unit reduces installation and 
maintenance costs on multiple circuits. 


Mounted under a regular glass meter housing on top 
of the hood in this new General Electric luminaire is a 
photoelectric control. As changes occur in the prevailing 
light level, the control turns the lamp on or off 


Photoelectric control that plugs into top of General 
Electric streetlight reduces installation and maintenance 
costs of multiple circuit or remote systems. 


visibility requires. Designed for street lighting systems 
on multiple circuits, the addition of this light-sensitive 
control eliminates the expense of installing pilot circuits 
or maintaining individual time switches which require 
resetting after a power failure. 

Control unit employs a “red-sensitive” gas-tilled 
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YOU GET QUALITY PLUS ENGINEERING SERVICE WITH G-E PERMANENT MAGNETS 


The magnet shown is 10 times 
actual scale and is the heart 
of the Magnetic Relay manu- 
factured by Thomas A. Edison, 
Incorporated, West Orange, 
New Jersey. 


The Magnet that Sounds the Alarm 


Here’s a unique application for G-E permanent mag- 
nets. As the moving element in the Edison Sensitive Re- 
lay, a tiny G-E Sintered Alnico 5 permanent magnet com- 
pletes an electrical circuit . . . instantly sounding the 
alarm for fire. 

Design specifications for this magnet application were 
severe. Extremely high pole tip density was required. Yet 
mass had to be low. Cost conscious G-E engineers worked 
closely with Thomas A. Edison, Incorporated. Costs 
were cut by redesign and by the use of Sintered Alnico 
5...anew magnetic alloy recently developed by General 
Electric. 

Perhaps your permanent magnet costs can be reduced. 
Our design engineers will be glad to work with you to 
improve your product. Remember, too, that General 
Electric produces all grades of CAST and SINTERED 
ALNICO as well as special magnetic alloys for your 
product. 


PERMANENT 
MAGNETS 


GENERAL 
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| = 7 Edison Aircraft Fire 


Detection System—Fast, 
Safe, Dependable 


ay tins Here’s how the Sensitive 
~ Magnetic Relay fits into the 
a Edison Fire Alarm system. An 

Edison thermocouple detector 
mounted in the area to be protected generates its 
own emf when a dangerously rapid rise in tempera- 
ture occurs. This emf (measured in millivolts) actuates 
the Sensitive Magnetic Relay and sets off a fire alarm. 
When the fire is out and conditions return to normal, 
the detectors signal ‘‘Fire Out’’ and are again ready 
to signal ‘‘Fire’’ rapidly and truthfully. 


CHEMICAL DEPARTMENT, SECTION 13-2 
GENERAL ELECTRIC COMPANY 
PITTSFIELD, MASS. 
Please send me: 

( ) Bulletin, CDM-16, “G-E Permanent Magnet Sub- 
assemblies” 

( ) Bulletin CDM-2A, “G-E Permanent Magnet Cata- 
log” 
Wi Seo Eo dt 
Company............. 
Products Mfrd.... 
RE sag ie RL oa oa, 


ELECTRIC 


CD49-A) 





phototube, two amplifier tubes operated well below rat- 
ing, and a relay that will carry 900 watts of incandescent 
lamp load at 120 volts. Field servicing is simplified by 
mounting the entire unit on a 3-prong plug base which 
permits replacement without tools. The circuit is de- 
signed for ‘‘fail-safe” operation, leaving the light on for 
the most probable types of tube failure. Differential 
between turn-on and turn-off is % foot-candle, and 


T ANGE WIR operating point may be adjusted to any point between 
RADIX ASBES 0s R E 1 and 6 foot-candles. 
An inner aluminum shield beneath the glass housing 


e cs 
Gives Unexcelled Service provides a window aperture for the phototube which can 


rm 


be oriented at installation to face north. Lj te 


— Transfer Molding Press 


Plastics molding press combines electrical 
control with hydraulic power to increase pro- 
duction rate. 


- - - Meets Every Manufacturing Requirement. New hydraulic press for plastics molding combines 
timers, solenoid valves and pushbutton controls to great- 
ete Made to N.E.M.A. and UNDERWRITERS ly increase production rate and improve quality by pre- 
Specifications. set control of curing time. Press, made by Leyden Tool 

- - - Shipped to meet YOUR Production Schedules. 


Check these Specifications of 
RADIX RANGE WIRE— 


Conductor is soft annealed copper—either 
solid or stranded. 


(Nickel or monel solid conductor can be 
furnished. ) 


Insulation is felted asbestos—impregnated 
with flame and moisture proof compound 
—furnished with or without cellulose ace- 
tate tape. 


RADIX RANGE WIRE is easy stripping. If 
you prefer, we will furnish wire cut to length 
— stripped — twisted — tinned — or with 
loops, as you may specify. 

Deliveries will be made according to your 
production schedules. Every order is a 
special job with us and our manufacturing 
schedule is arranged to meet your needs. 


Range Wire is just one of many types of 
RADIX ASBESTOS COVERED WIRE which 


we manufacture. Tell us your needs and Electrical controls and thermostatically controlled plat- 


ens increase production and improve quality in this new 


let our engineers work with you. plastics molding press built by Leyden Tool Works. 


Wh t send ifications or samples and let us 
pe ia your eaaianeenin. Works, Melrose Park, IIl., has electrically heated 


platens. 
LOOK FOR Operation of control cycle starts with pushbutton 
Dp) | X | RE marked “Bottom Ram Up” which energizes a solenoid 
valve applying hydraulic pressure to the bottom ram 
hal LLL po De ae ’ z | a 
2800 EAST 55TH STREET - CLEVELAND, OHIO which comes up and closes mold. Operator places pr 
adel eet nd heated pill into transfer pot and pushes button ““Transfer 
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| ae ‘ies A few typical applications utilizing the 
nt aad High-Speed Molding Properties of Plaskon 
y eat IN Alkyd. This material is recommended 


h : : 5 ois 
ts santa for industrial and electrical applications. 
anne =i 
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%"' thick plastic form takes fro 
to 12 seconds to cure. Other pieces | 
%” or thicker will take about 50 to 80 | 
seconds. No danger of over-curing; 
heat resistance of cured Plaskon 
Ss Alkyd Molding Compound is greater 
than normal molding temperatures. 


| PLASKON® 1.0! 


Seconds instead of minutes! That’s the new expensive equipment, and speed up the 
standard of cure time in many applications _ production of their molded goods. 
when Plaskon Alkyd Molding Compound 
is used. The remarkably fast curing properties 
of this outstanding plastic make possible 


we. 


Since the new material is designed for 
electrical and industrial applications, it is 
aa idin available in the functional and color-code 
a new approach to compression moldi 
_ - 8 shades of brown and black and will be 
and enable higher production than ' . 
available in red, blue, yellow and green. 


ever before attained. 
SERVICE 


The many features of Plaskon* Alkyd 
Molding Compound may effect unusual 
economies or developments in your plant. 
An experienced Plaskon Service Engineer 
will give you complete technical details 


Advantages of this new Plaskon Alkyd are: 


e ULTRA HIGH-SPEED MOLDING 
e LOWER MOLDING PRESSURES 
e SIMPLER, LESS BULKY MOLDS 
e UNEXCELLED ARC RESISTANCE 
° os MORE COMPACT PRESSES and arrange for a demonstration run 
@ Sl PERIOR DIMENSIONAL STABILITY in your plant. Write or call us today. 
¢ HIGH SOLVENT AND CHEMICAL treo us. ys on 

RESISTANCE 

aie “a ae a MAIN OFFICE: 
e EXCELLENT HEAT RESISTANCE 

PLASKON DIVISION 


This new Plaskon material is best adapted Libbey «Owens + Ford Glass Company 
to small compact dies, installed in fast- 2137 Sylvan Avenue, Toledo 6, Ohio ; 
closing, air- or hydraulic-operated presses In Canada: Canadian Industries Ltd., Montreal, P.Q. 9 
...features which mean that manufacturers BRANCH OFFICES: as 


of le sti 1 t tili l BOSTON, CHICAGO, LOS ANGELES, 
p asuic proc ucts can u 1Z€ 1€Ss NEW YORK, ROCHESTER, SAN FRANCISCO 





Plaskon Alkyd has excellent arc 

resistance, and traces of carbon 

particles which form on many plastics 

when they come into direct contact 

with an electrical arc will not cause 

d tracking with this alkyd material. 
Also, soldering operations will not 

damage the plastic. Based on 





n ASTM test procedure Plaskon 
d Alkyd does not fail after exposure 
n to electrical arc for 180 seconds. 
¥ 
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For Wh re hi Service Do Kam Down.” This energizes a contactor which closes 
circuits to another solenoid valve and a timer. Transfer 
You Need Transformers? 


ram and plunger come down, forcing pill into mold 
cavities. As timer times out, contactor operates solenoid 
valve controlling bottom ram which comes down and 
opens mold. Transfer plunger follows up until beyond 





























































i. List pot (cleaning it out) and then trips a limit switch which 

hi tind opens solenoid valve sending top ram up. At the end of 

street ie travel on both top and bottom rams, limit switches de- 

- ators Units energize their valves leaving press ready for next cycle. 
anunct Lames Depending on size of part and curing time, produc- 
: gyste™s mercury tion rates up to 80 shots per hr are obtainable. Separate 
tube pressure gages show clamping pressure and pressure on 

puminov® transter ram. A pressure reducing valve for the transfer 

Lighting ram provides adjustment for different size pots. Elec- 

trically heated platens are controlled by separate thermo- 


stats on each platen. nog 









Photocell Scanning Head 


oss Uses a single optical system for both light 


es : 
, Voltes Electri¢ F source and phototube. 
t a oo . . . . . 
scientific plant P iene For high speed inspection and register control on 
: yip™ Light Dis ; printing, packaging and cut-off machines, photoelectric 
yon syste™ means have provided many advantages over systems re- 


quiring physical contact. A common method employs 


Specialists in the design and quantity 
production of “Small” Transformers 
for over a quarter century—Jefferson 
Electric has to its credit a big share of 
the developments in this field. Lead- 
ing manufacturers of products requir- 
Oil Burnerignition ing such Transformers for years have 
regularly made them their first choice. 

Practical helpful recommendations 


yr h king. Y y 
Ree peers fot the aeking. ‘Kour copy Projected light beam and light reflected back to photo- 


of Booklet 451 is ready for mailing. cell both use the same optical system in this register 
JEFFERSON ELECTRIC COMPANY, control head built by Photoswitch. 


Bellwood (Chicago Suburb), Illinois. 
In Canada: Canadian Jefferson Electric 
Co., Ltd., 384 Pape Ave., Toronto, Ont. 





the reflectivity of the surface in combination with color 

sensitivity. A light beam is directed on the register area 

— pepe eng and a photocell placed in the path of the reflected beam 

aes a provides the control response. 

. In a new scanning head developed by Photoswitch, 
Inc., Cambridge, Mass., both the light source and the 
phototube are incorporated in a single unit using a 
common optical system. As shown in the diagram, the 
light source is mounted directly behind the pair of 
lenses which focus a spot of light % x %q in. on the 

| material. Reflected light passes back through the same 

lens system to a small mirror placed between the lens 
and lamp. This mirror reflects light down to the photo- 
tube. 

When used on transparent material a steel mirror is 
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CWE DRIVER FITS ALL SIZES OF 
REED & PRINCE RECESSED-HEAD SCREWS 


y v hether auto-race driving or screw-driving — you 


waste time and speed when you have to change drivers! 
When you use the Reed & Prince ONE DRIVER method, 
you do not need to change drivers for varying screw 
sizes. There is no fumbling, no shifting, no wasting 
time. Remember, ONE Reed & Prince driver fits ALL 
Reed & Prince recessed head screws and bolts. Good 
workmen appreciate this fast, modern, efficient method 
— and it shows up to advantage on your time sheet. achwecawcaiol 


Recessed and Slotted 
Wood Screws Sheet Metal Screws 


Machine Screws Stove Bolts 
Also 

Cap Screws Set Screws 

Machine Screw Nuts Wing Nuts 


Rivets and Burrs Rods 


oS T URI N G C oO - Screw eee une Bits 
WORCESTER, MASS. Specialties 
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Designed for use in regulat- 
ing the voltage of A.C. gen- 
erators in Stationary, Mobile 
or Marine installations. 


Direct rheostatic action pro- 
vides a simple, effective 
and automatic means of 
regulating voltage by per- 
forming the function of an 
automatic field rheostat. 


Rating of rheostatic element 
is 2 amperes maximum exciter 
shunt field current at full 
load and power factor. Maxi- 
mum sigma watts is 50 watts. 


FEATURES 


DIRECT ACTING 
FAST RESPONSE 
AUTOMATIC CONTROL 


SMALL, COMPACT, 
SELF CONTAINED 


RUGGED CONSTRUCTION 
RHEOSTATIC ACTION 
INEXPENSIVE 


Inquiries for complete 
information and engi- 


— DEPT. D-29 
BURLINGTON, IOWA 


AUDIO DESIGN 
ENGINEERS! 


In amplifier design, the weakest 
link in the chain may now be your 
strongest! Often the difference be- 
tween a good amplifier and a medi- 
ocre amplifier lies with the output 
transformer. Peerless 20-20 Line 
output transformers handle full rated power from 40 to 
10,000 cycles within 1 db. Examine this typical curve for 
an 18-watt rated transformer which shows power output 
and frequency response. Because of careful design, feed- 
back up to 25 db can be used with these transformers with- 
out experiencing appreciable difficulty from phase shift. 


ys PEERLESS 20-20 LINE 


” 


“a OUTPUT TRANSFORMERS 











DECIBELS 








- 1000 
FREQUENCY IN CYCLES PER SECOND 
Peerless guarantees that published characteristic curves are 
true, accurate, unretouched, made on production line items. 


PEERLESS ELECTRICAL 
PRODUCTS DIVISION 


6920 McKinley Ave., Los Angeles 1, Calif. 
161 Sixth Avenue, New York 13, N. Y. 


Frazar & Hansen Ltd., 301 Clay Street 
San Francisco 11, Calif. exclusive export agent 
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added to the front of the scanner, spaced to permit the 
material to pass between the mirror and lens. 

Control for the unit supplies power for the lamp, and 
includes a rectifier for the phototube and a two-tube 
amplifier. Relay operated by the amplifier handles 10 
amp, 115 volts, non-inductive load. Amplifier circuit is a 
“flip-flop” type designed as a multi-vibrator which gives 
an overall speed of response faster than 0.001 sec. Mini- 
mum web speed is 6 in. per sec. oog 


Another New Record System 
Player for new 45 rpm 7-in. Vinylite record 


has changer built into 144 in. diam spindle. 


Aiter serving the recording industry for more than 
a half a century as an industry wide standard, the con- 
ventional 78 rpm shellac phonograph record has just 
recently met competition from three different directions. 
First came the 10-in. long-playing record described in 
“LP Record System Arrives” in ELectricAL MANv- 
FACTURING, November 1948, page 117. This is the 


New 7-in. phonograph record announced by RCA plays 5 

min and has 1% in. central hole to accommodate record 

changer within spindle. Record speed is 45 rpm with 
5-gram needle pressure. 


Vinylite record running at 33 rpm with 1-mil needle 
radius and 5-gram pressure, playing 22 to 24 min per 
side. Record diameter and center hole are standard to 
adapt record to use on changers that would also handle 
standard shellac records. . 

Combined with high fidelity amplifiers and speaker 
systems, the new long playing records offer a noteworthy 
increase in quality of reproduction in addition to the 
long playing feature. 

Then in rapid succession came two more develop- 
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Mount... 


Mallory Capacitors 
On or Off the Motor 


Mallory AC Motor Starting Capacitors in plastic con- 
tainers have become the standard of capacitor excellence. 


The improved mounting brackets for the new capacitors 
simplify ease of installation and cut assembly time. 
rena some nee Capacitors may be mounted either on or off the motor. 


myc ennentens 
a End caps are provided to simplify this operation: Type 
= I I piry y 


PL for “on the motor” mounting. Type PLA for “off 


the motor” mounting. 


When desired, Mallory plastic capacitors may be mounted 
by any means now employed for ordinary capacitors of 
equivalent size. 


Pictures, drawings, electrical 
characteristics, data on mount- 
ing brackets — everything you 


Se ee dae a ae For further mechanical and electrical data, ask for 
Motor Starting Capacitors. ; 
Form #746-F. 


SERVING INDUSTRY WITH 
PR.MALLORY &CO.iInc. : Capacitors Rectifiers 


Contacts Switches 
Controls Vibrators 
Power Supplies 


Resistance Welding Materials 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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AND GENERATOR TO 


good brush 
performance 


MORGANITE 


CARBON BRUSHES 


shes 1s one sure 
rator perform- 
yntrol method 
1 } : 
yper design, 
urate WOrkK 
bolas Ob el-am la mala: 
: 
‘al collabora 


1 every brush problem 


5s ey CLS wet 


Y NEW YORK 


y 


CH Gta iMey eli SMe 
and Carbon Piles 


ments, a 7-in. long-playing 33 rpm record with standard 
+ min playing time, and a new 45 rpm system announced 
by RCA on January 11. 

In the system developed by RCA, records are for 
single selections (5% min playing time) but have a 
large central hole 1% in. diam to accommodate the 
record changing mechanism in the spindle as shown in 
the illustration. Their non-breakable Vinylite disks, 
7-in. in diam, are used with a 5-gram sapphire tipped 
permanent needle. This system thus requires a separate 
record changer that cannot be adapted to standard shellac 
records. Their new system offers several advantages 
according to RCA engineers. A single size record can 
now replace the two sizes (10 in. and 12 in.) formerly 
needed to handle differences in playing time between 
popular and classical selections. With the changer in 
the spindle and smaller diameter, lighter weight records, 
automatic record changers can be substantially reduced 
in size. Time required for changing a record is cut 
nearly in half and noise in changing eliminated. 

In an announcement on January 18, Scott Radio 
Laboratories, Chicago, IIl., stated that a new three- 
speed record changer would be in production in Febru- 
ary. This model is designed to accommodate the three 
speeds, the three record diameters and the two spindle 
diameters. o0a0 


Automatie Armature Winder 


Fully wound automotive armatures are com- 
pleted at rate of three a minute. 


After the operator inserts an unwound rotor in the 
loading position of the machine shown in Fig. 1, all 
winding operations are completely automatic, producing 
a fully wound armature as illustrated in Fig. 2. Designed 
and built by Cleveland Electrical Equipment Co., Cleve- 
land, Ohio, for automotive armatures, this machine in 


Fig. 1—Automotive armatures are wound in 20 sec by 
this automatic machine built by Cleveland Electrical 
Equipment Co. 
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EXPECT THIS ACCURACY: 
—_—_— 
in the Sleeve Bearings you buy 


Bveszoxes by Johnson Bronze 


are precise in every dimension. They are 
easy to install and they operate efficiently 
from the start. Achieving this accuracy, 


the serviceability of the finished equip- 
ment. Don't be satisfied with less! Since 
the original cost of Johnson Sleeve Bear- 
ings is low, there is no premium charged 


consistently, is no accident. Long experi- 
ence in producing all types of Sleeve 
Bearings has taught the correct speeds, 
feeds and cuts . . . the proper method of 


for this workmanship. Phone the Johnson 
Branch in your vicinity . . . or write direct 
for further information. 


boring . . . the right angle for the chamfer 
. . plus the many other fine points that 
mean the difference between top quality 
and mediocrity. | 
Users throughout the nation depend 
upon Johnson Bronze for such quality. It 


saves them on assembly costs and improves BRANCHES IN 


20 INDUSTRIAL 
CENTERS 


JOHNSON BRONZE CO. 5705S. Mill St., New Castle, Pa. 
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TRANSFORMERS 


N-W-L: custom BUILT TRANSFORMERS 
are meeting the unusual and special re- 
quirements for Electronics, Research, In- 
strument Makers, and Electrical and Me- 
chanical Manufacturers. 


If it’s within 10 volt amperes to 300 
KVA and between 15 to 400 cycles and air 
cooled, let N*WelL« quote you on your spe- 
cial requirements, whether the quantity is 
one or a hundred. 


Over 25 years of “Know-How” in 
the business of Custom Transformers 
for special or individual applications. 


NOTAELFER 


WINDING LABORATORIES 


11 ALBERMARLE AVE. TRENTON 3, N. J. 








N-W-L custom BUILT 








20 sec winds a 14-slot, 3-in. diam rotor with four turns 
of No. 15 wire in each slot. 
Twenty-eight standard reels of wire are held in the 


Fig. 2—Completed armature is wound with four turns 
of No. 15 wire in each of 14 slots, and leads cut off to 
uniform length. 


rotating carrier, with wire fed over pulleys with beryl 
lium copper ball bearings. Feed finders in the rotating 
winding head guide the wire into slots. Armature being 
wound is held by an air chuck operated by a solenoid 
valve and cam switch. All 28 wires are cut off in one 
operation, giving leads of uniform length. 

Machine cycle is timed by adjustable cams mounted 





Fig. 3—Operation of machine is timed electrically by 
set of adjustable cams shown at left. 


under the cover behind the reel carrier, as shown in 
Fig. 3. Improved uniformity in wire lay and tension is 
said to produce cooler running armatures with substan- 
tially higher ampere rating and efficiency. oo00 


Electronic Leak Detector 


Portable detector is a highly sensitive instrument for 
detecting and locating leaks in vacuum or pressure sys- 
tems. Design and operation of detector are based on 
the mass spectrometer. Device provides for rapid in- 
spection of finished parts and assemblies, testing vacu- 
um- or pressure-tight elements, checking barrier por- 
osity, and maintaining equipment used in vacuum 
processes. Detector is adjusted to give maximum sensi- 
tivity, detecting 1 part of helium in 200,000 parts of 
air. 

Instrument is essentially a simplified mass _ spec- 
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Test shows Roevar Magnet Wire (magni- 
fied) wrapped on its own diameter, with- 
out appreciable loss in dielectric strength. 





TRY ITS ABRASION RESISTANCE, to learn how tough an in- 
sulation is. Roevar Magnet Wire shows a three-to-one advantage 
over standard enameled wires. And such superiority makes Roevar 
wire your first choice for high-speed winding operations. 


Besides its strength and toughness, Roevar Magnet Wire insulation 
has high dielectric qualities, is extremely flexible, and has excep- 
tional resistance to solvents used in coil-treating varnishes. Impor- 
tantly, too, Roevar Wire costs less and is of smaller diameter than 
magnet wire with paper, cotton or silk insulation. It is furnished in 
sizes No. 14 to 40 A.W.G. 


Roebling engineers are anxious to cooperate with you, in helping 
determine where Roevar Magnet Wire can be used most effectively 
and to assure best results. Write for full information and samples 
of the wire. 





JOHN A. ROEBLING’S SONS COMPANY 
TRENTON 2, NEW JERSEY 
Branches and Warehouses in Principal Cities 


4 Mm °C oe eee eee ee ee ee eee eee ee ee ee ee ee eee ee eee ee ee eee ee 


A CENTURY OF CONFIDENCE 


* WIRE ROPE AND STRAND *& FITTINGS *® SLINGS 
% SUSPENSION BRIDGES AND CABLES *% AIRCORD, 
AIRCORD TERMINALS AND AIR CONTROLS *& AERIAL WIRE 
ROPE SYSTEMS * ELECTRICAL WIRE AND CABLE 
® SKI LIFTS * HARD, ANNEALED OR TEMPERED 
HIGH AND LOW CARBON FINE AND SPECIALTY WIRE, 
FLAT WIRE, COLD ROLLED STRIP AND 
COLD ROLLED SPRING STEEL * SCREEN, HARDWARE 
AND INDUSTRIAL WIRE CLOTH * LAWN MOWERS 
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Don’t overlook these 
and many other out- 
standing features of ce- 
ramic molded insulations. 
Whether your products 
are electrical wiring de- 
vices such as switches, 
electrical ranges, relays, 
air conditioning units, 
radio receiving sets, fur- 
naces and kilns, you'll 
find ceramics an ideal 
insulating material 
maintaining desirable 
electrical properties 
throughout its entire 
life. 


Its versatility, and 
comparatively low cost 
of tooling and raw ma- 
terials, makes it possible 
to provide specific for- 
mulas to meet your re- 
quirements to the best 
advantage. In addition 
to the standard insula- 
tions on the right, STAR 
has the facilities and 
skill to meet all kinds 
of specific requirements, 
and will gladly show 
you how to employ por- 
celain insulation effi- 
ciently @nd economic- 
ally. 

Also 
COMMERCIAL WHITE 


ELECTRICITY 














MOISTURE 


























THERMOLAIN 


A heat-resistant refrac- 
tory insulation. Porous. 
Withstands thermal 
shock. 













VITROLAIN 


pete, Gum, “4 Tien 
moisture = i 
dielectric stren: 
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INSULATION 
» Can be molded into dif- 
' ficult shopes. Strong, 
dense, heat-resistant. 





















































LAVOLAIN ~ 
A dense semi-steotite of | 
hign mechanical and di- 4 pee 


electric strength. 























HUMIDOLAIN 

A hi rce- 
lain, Clee oor vnony 
- applications in humidi- 
fiers. 
































NU BLAC 
Will not soil in assem- 
bly or use. Excellent nl 
wiring devices or novel- | 
ties. 
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trometer designed for detecting minute traces of helium. 
This is done by employing a mass-spectrometer tube 
(Diatron), which effects electronic separation of the 
helium molecules from all dissimilar molecules in the 
atmosphere being analyzed. Normal operating pressure 




























Highly sensitive vacuum or pressure system leak detec- 
tor employing the mass-spectrometer principle designed 
for detecting minute traces of helium of the order of 
10° ce per sec, is equipped with visible and audible 


signal as well as indicating instrument. 


of tube is 104 mm of mercury. By connecting the in- 
strument to an evacuated (evacuated by leak 
detector) and applying helium to suspected areas, it is 
possible to locate extremely small leaks. The presence 
of helium in tube causes an electrical signal measured 
by indicating meter and announced by an audio-alarm 
system. Since helium applied externally to a closed 
system can enter only through leaks, its presence inside 
is an indication of leaks. 

In checking pressure systems the helium is placed 
within the system under test in very dilute form and 
under a pressure greater than atmospheric. The out- 
side of system is then checked with the probe (sniffer) 
of detector and any helium drawn into instrument will 
give instantaneous response. 

In general leaks of the magnitude of 
are said to be detectable. 


system 


10° ce per sec 


oao0o 





Measuring Transformer Ratios 


Turn ratio measurements of power, distribution, and 
auto transformers may be made with portable, direct- 
reading instrument. Unit is likewise useful in analyzing 
transformer troubles, identifying tap connections, and 
to give polarity indication. 

Device consists of a multi-ratio reference transformer 
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You gain definite ‘‘plus’’ values from the high 
quality of Kopp lenses, color filters, sight 
glass, indicator glass or other parts. Kopp 
engineering adds dependable uniformity and 
correct design to the inherent advantages of 
glass, which include: corrosion resistance; 
surface hardness; control of light; transmis- 
sion of colors; resistance to heat, abrasion, 
weathering, rusting; permanence of color 
and shape. 

Kopp makes many types of glass, developed 
through years of experience, for specific 
classes of service. Investigate the possibilities 
glass offers for your products! We will gladly 
help you select the type best suited for your 
work. We suggest that you write for the new 
informative bulletin shown at the right. 


KOPP GLASS, INC. 


2100 PALMER STREET, SWISSVALE, PA. 
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to your products 
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STARTERS 


QUICKER TO INSPECT. 


because contactor parts are 
ACCESSIBLE 


Removing a single key permits the entire moving con- 
tact assembly to be withdrawn for inspection of all 
main silver contacts, both moving and stationary. 


And it’s easier to replace main stationary contacts, 
too, due to the use of individual spring retaining clips. 


Write for Bulletin 4110. It fully describes Ward 
Leonard’s new Size 1, 2 and 3 across-the-line, non- 
reversing AC magnetic starters. Ward Leonard Electric 


Co., 34 South Street, Mount Vernon, N. Y. Offices in 
principal cities of U. S. and Canada. 


WARD LEONARD 
ELECTRIC COMPANY 
| a I OL, 


* RELAYS + CONTROL DEVICES 


excited by a small hand generator in parallel with trans- 
former under test. By means of four dial switches and 
null indicator, the reference transformer ratio is ad- 
justed to equal transformer under test. Ratio is thus 
read directly from the dial switch indexes. Ratios up 
to 130 can be read with an accurancy said to be within 
1 part in 1,000. Test set, made by James B. Biddle Co., 
Philadelphia, is supplied in a portable case. oOoOo0 


Reeord Player-Radio Unit 

Recognizing the growing attention being given to 
record playing, the line of Admiral radio and television 
models just announced incorporate a new combination 
record player and radio receiver unit built into a single 
chassis. The new combination unit includes an 8-tube 
AM and FM radio, and a two-speed record changer 
playing standard, long playing and the recently an- 


Admiral’s new television combination has an 8-tube 

radio-record player unit with both FM and AM, and a 

two speed record changer. Radio power supply is in- 
corporated in television chassis. 


nounced seven in. 33 rpm records. Power supply for 
the radio-record player unit is obtained from the tele- 
vision chassis. 

As incorporated in the television model shown here, 
the record player-radio unit is mounted beside the tele- 
vision receiver on a swing-out chassis behind a panel 
which lowers to provide shelf space. Large record stor- 
age space is provided below the radio compartment. 

Compactness achieved by this arrangement makes 
room for the television receiver in a cabinet of the size 
formerly used for a radio-record player alone. OOO 


Circular 460 recently published by the National Bu- 
reau of Standards lists all Bureau publications from 
1901 to June 30, 1947. These publications include math- 
ematical tables, commercial standards, simplified prac- 
tice recommendations, research papers, circulars and 
miscellaneous publications. Brief abstracts are included 
in the Index for the publications issued since Jan. 1, 
1942. The Index may be obtained from the Superin- 
tendent of Documents, U. S. Government Printing 
Office, Washington 25, D. C., at a cost of 75 cents. 
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